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AN  OVERVIEW 

FOR  THE 

CHIEF  EXECUTIVE 


MANAGING  THE  "ENERGY  CRISIS"  IN  MUNICIPAL  GOVERNMENT 


As  the  "energy  crisis"  unfolded,  municipal  government  in  Massachusetts 
experienced  shortages  in  supplies  following  the  oil  embargo  in  late 
1973/  the  quadrupling  of  fuel  prices  that  occurred  in  1974,  and  a 
persistent  but  less  rapid  rise  in  fuel  prices  since  that  time.   While 
these  events  are  beyond  the  control  of  local  government,  and  their 
impact  on  the  cost  of  local  government  services  is  severe,  government 
cannot  choose  to  forego  providing  critical  services.   Often,  a 
generalized  feeling  of  helplessness  has  led  to  acceptance  of  steadily 
rising  energy  costs  as  a  fact  of  life  that  must  be  absorbed  in  the 
municipal  budget  either  at  the  expense  of  other  services  or  by  raising 
additional  revenue. 

This  need  not  be   the  case.      Although  the  price  of  energy  is  largely 
beyond  the  direct  control  of  municipal  government,  the  amount  it  uses 
is  not.   In  most  cities  and  towns  energy  use  in  buildings  comprises 
70%  to  80%  of  the  total  energy  used  in  all  municipal  services, 
including  fueling  vehicles  and  lighting  streets.   Because  energy  was 
cheap  when  the  existing  physical  plant  was  developed,  most  buildings 
use  much  more  than  is  required  to  perform  their  functions.   Substan- 
tial savings  can  be  made  without  reducing  the  level  of  services 
offered  in  these  facilities  or  imposing  hardships  on  their  users  and 
occupants.   It  is  theoretically  possible  to  reduce  energy  use  in  new 
buildings  by  90%  of  the  prevailing  norm  in  existing  buildings .   The 
Energy  Conservation  Project  (ECP)  has  determined  that  it  is  eminently 
practical    to  cut  energy  use  by  30%  in  many  existing  municipal 
buildings.      Achieving  this  result  requires  that  energy  use  be 
managed  and  controlled  to  eliminate  the  margin  of  waste  and  ineffi- 
ciency that  exists. 

As  a  chief  executive  considers  whether  to  organize  a  program  to  save 
energy  in  municipal  buildings,  the  real  nature  of  the  energy  crisis 
should  be  kept  in  mind.   The  fundamental  cause  is  the  depletion  of 
domestic  petroleum  and  natural  gas  supplies  that  must  be  replaced  at 
significantly  higher  prices.   Rising  energy  prices  will  be  a  fact  of 
life  over  the  next  quarter  century.   If  energy  costs  rise  by  an 
annual  rate  of  6%,  within  twelve  years  the  price  of  fuel  will  double. 
Similarly,  the  energy  "saved"  each  year  will  increase  in  value  by  6%. 
Many  municipalities  that  manage  their  cash  reserves  would  be  pleased 
with  a  6%  return  on  these  assets.   ENERGY  MANAGEMENT  IN  MUNICIPAL 
BUILDINGS  will  yield  a  similar  return.   It  is  a  program  that  many 
cities  and  towns  cannot  afford  to  ignore . 
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WHAT  CAN  BE  DONE 


The  Energy  Conservation  Project  worked  directly  with  six  Massachusetts 
cities  and  towns  to  evaluate  the  potential  to  save  energy  by  reducing 
consumption  in  112  municipal  buildings.   The  results  indicated  that  an 
effective  and  sustained  program  to  conserve  energy  would  realize  an 
annual  dollar  savings  in  these  facilities  of  $500,000.   At  least  one- 
half  of  these  savings  could  be  attained  at  no  additional  cost.   If 
these  savings,  which  recur  each  year,  were  deposited  at  6%  interest  in 
a  savings  account,  at  the  end  of  a  twenty  year  period  there  would  be 
an  accumulation  of  $18,000,000. 

The  objective  of  the  ECP  manual  on  ENERGY  MANAGEMENT  IN  MUNICIPAL 
BUILDINGS  is  to  convey  to  town  managers,  selectmen,  school  officials, 
and  department  heads  proven  approaches  to  energy  conservation  in 
buildings  that  will  yield  a  significant  reduction  in  annual  operating 
costs  for  building  energy. 

The  key  elements  of  this  program  are  briefly  described  in  this 
overview  and  presented  in  detail  in  specific  sections  of  the  ENERGY 
MANAGEMENT  IN  MUNICIPAL  BUILDINGS  manual.  These  sections  are  written 
to  enable  local   decision  makers  and  operating  personnel  who  do  not 
have  extensive  technical   training   to  organize,   implement,   and  sustain 
an  energy  savings  program  in  municipal  buildings.      The  emphasis  this 
program  places  on  the  concept  of  "energy  management"  rests  on  the 
principle  that  a  large  portion  of  building  energy  costs  are  in  fact 
"controllable."  An  effective  program  addressing  the  causes  of  waste 
and  inefficiency  in  current  building  management  practices  will  pay 
for  itself  many  times  over  in  savings  of  local  tax  dollars.   The 
ENERGY  MANAGEMENT  IN  MUNICIPAL  BUILDINGS  program  introduces  the  tools 
that  are  the  foundation  blocks  of  a  successful  program.   The  program 
is  based  on  three  simple  yet  powerful  management  techniques: 


The  Energy  Budget 

The  energy  budget  is  the  method  for  highlighting  those  buildings  in 
each  city  and"  town  where  a  30%  annual  energy  savings  can  be  achieved. 
It  is  a  cost  accounting  technique  that  employs  performance  standards 
for  building  energy  use  to  assess  the  relative  efficiency  of  the 
entire  stock  of  municipal  buildings. 


This  budgeting  technique  evaluates  building  efficiency  in  terms  of 

total  units  of  energy  used  per  square  foot  per  year.   It  can  be 

easily  translated  into  dollars  to  enable  a  manager  to  make  decisions 

on  program  implementation  that  will  yield  the  greatest  dollar  return. 

As  energy  savings  programs  in  particular  buildings  are  implemented, 

the  Energy  Budget  remains  a  useful  tool  for  measuring  results.   It   '"'*  «fy*7e/*t  *> 

filters^~out~the  effects  of  fuel  price  changes  and  year-to-year  climate 

changes  to  permit  an  accurate  assessment  of  how  much  real  progress  has 

been  made  in  each  building  in  a  given  year  and  the  margin  remaining 

for  potential  improvement.   It  provides  a  manager  with  feedback  on 

implementation  so  that  successful  efforts  can  be  recognized  and 

shortcomings  in  performance  remedied.  The  energy  budgeting   technique 

does  not  require  sophisticated  computer  hardware.     It  can  be  developed 

for  a  building  by  a   clerk  with  a   calculator  who  has  access   to  the 

accounting  records  for  vendor  payments  to  fuel  suppliers.      The  Energy 

Budget  is  a  technique  that  every  manager  can  use  to  pick  the  targets 

for  an  energy  savings  program  that  will  yield  the  best  payoff. 


The  Building  Audit 

There  are  probably  a  thousand  distinct  conservation  measures  that  will 
save  some  energy  in  any  given  building.   Many  local  programs  have 
floundered  from  an  inability  to  select  program  measures  that  yield  the 
best  savings  opportunities.   ENERGY  MANAGEMENT  IN  MUNICIPAL  BUILDINGS 
specifies  procedures  that  were  tested  in  schools,  town  halls,  fire 
stations,  police  stations,  etc.  and  found  to  work.   It  reduces  the 
multitude  of  possibilities  to  a  list  of  twenty  measures  described  in 
terms  that  a  layman  can  understand. 

These  measures  are  presented  in  the  form  of  building  audit  procedures 
that  can  be  used  to  identify  the  sources  of  waste  and  inefficiency  in 
the  particular  buildings  that  have  been  selected  as  high  priority 
targets  on  the  basis  of  the  energy  budget  analysis.   The  building 
audit  is  a  physical  survey  leading  to  the  establishment  of  an  energy 
savings  program  for  each  building  tailored  to  fit  the  savings 
opportunities  that  have  been  uncovered.  Experience  in  using  this 
approach  has  shown   that  usually  one-half  of  the  dollar  and  energy 
savings  can  be  achieved  with  implementation  of  audit  recommendations 
involving  little  or  no  cost   to  the  municipality. 


The  Energy  Conservation  Manager 

Management  is  organizing  resources  and  directing  people  toward  a  goal. 
The  chief  executive  of  a  town  government  or  a  school  system  must  focus 
the  responsibility  for  coordinating  and  accomplishing  the  tasks  of  an 
energy  management  program.   The  options  for  organizing  this  management 
function  can  vary  widely  from  town  to  town  depending  upon  the  local  mix 
of  talent  and  resources  as  well  as  the  amount  of  expected  dollar 
savings  in  a  given  community.   The  program  can  be  managed  by  a 
committee  of  relevant  department  heads  and  technical  personnel,  by  an 
individual  who  may  already  have  substantial  responsibilities  in 
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building  management  or  by  an  individual  hired  specifically  for  this 
purpose. 

ENERGY  MANAGEMENT  IN  MUNICIPAL  BUILDINGS  identifies  what  responsibili- 
ties need  to  be  specified  and  assigned.   It  reviews  methods  for 
central  coordination  of  activity  to  help  ensure  that  resources  are 
wisely  applied,  that  results  learned  about  what  works  best  are 
communicated,  and  that  monitoring  and  follow- through  do  not  "fall 
between  the  cracks."   It  defines  the  technical  tasks  of  information 
collection  and  analysis  in  constructing  the  energy  budget,  of 
organizing  and  evaluating  a  building  audit,  and  of  selecting  the 
alternative  conservation  measures  most  likely  to  be  effective  in  a 
given  building.   No  less  importantly,  it  identifies  the  "people 
problems"  that  may  be  critical  in  a  program  seeking  to  change  the 
ingrained  but  wasteful  habits  of  building  users  and  occupants. 

By  addressing  these  management  issues,  the  manual  provides  the  chief 
executive  with  the  information  needed  to  anticipate  and  deal 
effectively  with  the  human  as  well  as  the  technical  problems  .that 
may  be  barriers  to  effective  management  of  municipal  energy  costs. 

Six  Massachusetts  cities  and  towns  participated  in  developing  the 
ENERGY  MANAGEMENT  IN  MUNICIPAL  BUILDINGS  program.   It  is  a  program 
that  is  specifically  designed  to  work  in  the  setting  of  local 
government. 


A  NOTE  ON  WHAT  FOLLOWS 


The  three  sections  of  this  report  immediately  following  are  entitled 
"The  Energy  Budget,"  "The  Building  Audit,"  and  "The  Energy  Conserva- 
tion Manager."  These  are  written  to  provide  the  manager  or  the 
individual  with  supervisory  responsibility  for  instituting  an  energy 
management  program  with  sufficient  information  to  make  effective  use 
of  the  three  principal  management  tools  of  the  program  discussed  in 
this  overview.   Following  these  sections  is  a  technical  appendix 
valuable  to  operating  personnel  involved  in  program  implementation. 

In  the  Technical  Appendix,  a  section  on  the  energy  budget  discusses 
some  of  the  finer  technical  points  in  converting  annual  energy 
consumption  into  a  budget.   It  includes  formulated  work  sheets  that 
enable  an  individual  to  carry  out  these  operations  easily. 

The  appendix  presents  the  key  energy  conservation  measures  found  to 
be  most  effective  in  municipal  buildings.   The  principles  underlying 
the  effectiveness  of  these  measures  are  presented  in  easily  understood 
terms.   Rules  of  thumb  for  estimating  the  savings  that  can  be  achieved 
with  implementation  of  a  given  measure  are  discussed.   For  some 
measures  that  entail  capital  investment,  actual  cost/benefit  studies 
are  included.   These  studies  were  made  by  the  firm  of  R.  G.  Vanderweil 
Engineers,  Inc.,  for  the  municipalities  participating  in  the  Energy 
Conservation  Project  study. 


TABLE  1 

ANNUAL  BUILDING  ENERGY  COSTS  IN  THE  ECP  DEMONSTRATION  MUNICIPALITIES 


City  or  Town/Characteristica 


Major  Buildings 


Annual  Cost 
of  Energy 


FALL  RIVER 

Population   100,000 
Annual  Budget  $45,000,000. 


34  Old  Schools  $ 

5  New  Schools  $ 

6  Fire  Stations  $ 
3  Town  Offices  $ 
2  Libraries  $ 
1  Police  Station  $ 
1  Garage  $ 


535,000. 

362,000. 
42,000. 

120,000.' 
20,000.' 
16,000. 
7,000.' 


Total 


$1,102,000. 


ATTLEBORO 

Population   33,000 
Annual  Budget  $20,400,000. 


7  New  Schools  $  440,000. 

8  Old  Schools  $  125,000. 
3  Garages  $  24,000. 

2  Libraries  $  20,000. 
6  Fire  Stations  $  18,000. 

3  Town  Offices  $  15,000. 
1  Police  Station  $  7,000. 


Total 


$  649,000. 


CONCORD 

Population   16,000 

Annual  Budget  $12,130,000. 


7  New  Schools  $  300,000. 

2  Libraries  $  20,000. 

2  Fire  Stations  $  10,000. 

1  Garage  $  7,000. 

1  Town  Office  $  5,000. 


Total 


$  342,000. 


TYNGSBOROUGH 

Population    4,313 
Annual  Budget  $  2,510,000. 


2  New  Schools  $  43,000. 

1  Old  School  $  6,000^ 

1  Garage  $  5,000.' 

1  Town  Office  $  4,000. 

1  Library  $  4,000.' 

2  Fire  Stations  $  1,000. 


Total 


63,000. 


PEPPERELL 

Population    5,887 
Annual  Budget  $  2,750,000. 


2  Old  Schools  $  25,000. 

1  New  School  $  5,000. 

1  Town  Hall  $  4,000. 

1  Library  $  4,000. 

1  Fire  Station  $  2,000. 


Total 


$   42,000. 


DUNSTABLE 

Population    1,292 
Annual  Budget  $  1,450,000. 


1  Old  School  $  5,000. 

1  New  School  $  4,000. A 

1  Garage  $  5,000. 

1  Town  Hall  $  2,000. 

1  Fire  Station  $  200. 


Total 


16,000. 


Estimated 


ENERGY 
BUDGET 


THE  DOLLAR  COST  OF  BUILDING  ENERGY 


Dollars  are  spent  for  energy  in  the  form  of  a  varied  mix  of  fuel 
supplies  to  heat,  light,  and  power  a  diverse  group  of  municipal 
facilities.   Compiling  the  total  annual  costs  by  building  and  by 
department  for  all  energy  used  from  all  sources — whether  gas,  oil,  or 
electricity — provides  a  municipality  with  a  useful  insight  into  the 
structure  of  its  building  energy  costs. 

Table  I  on  the  opposite  page  presents  this  information  for  the  six 
municipalities  that  participated  in  the  ECP  study  of  energy  conserva- 
tion in  municipal  buildings,  summarizing  their  building  inventory  and 
energy  cost  by  department.   The  Table  indicates  that  building  energy 
costs  as  a  percentage  of  the  total  municipal  budget  range  from  l-j%  to 
3%  in  most  municipalities.   This  percentage  range  provides  a  manager 
who  is  considering  an  energy  savings "program  in  municipal  buildings 
with  a  rough  approximation  of  the  range  of  base  costs  on  which  a  30% 
annual  energy  savings  potential  can  be  calculated. 

If  the  departmental  building  energy  costs  in  a  given  locality  were 
classified  between  general  purpose  government  and  the  school  system, 
on  the  average  the  school  portion  of  building  energy  costs  would 
represent  70%  of  the  total.   This  emphasizes  the  importance  of  school 
system  involvement  in  a  municipality's  energy  savings  program  in  order 
to  realize  the  full  potential  of  the  program. 

In  fact,  it  is  quite  possible  that  a  large  portion  of  the  absolute 
dollar  savings  can  be  found  by  improving  performance  of  one  large, 
mechanically  complex  school  building.   One  high  school  in  the  ECP 
study  had  a  quarter  million  dollar  energy  budget  with  an  estimated 
savings  potential  of  30%. 

The  absolute  dollar  cost  of  building  energy  will  increase  with  the 
size  of  a  community,  with  a  corresponding  increase  in  the  potential 
annual  dollar  savings.   Larger  cities  and  towns  have  greater  flexibi- 
lity to  consider  changes  in  the  organization  of  their  building  manage- 
ment function,  including  the  addition  of  specially  skilled  personnel, 
in  order  to  tap  their  full  annual  savings  potential. 

A  municipality  beginning  an  energy  savings  program  may  encounter  some 
difficulty  in  retrieving  and  presenting  energy  cost  data  for  specific 
buildings  within  a  department.   As  part  of  a  long-term  energy  manage- 
ment program,  a  municipality  should  consider  modifying  its  budgeting 
and  accounting  procedures  where  necessary  to  build  an  information 
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system  that  will  support  management  action  to  reduce  energy  costs  in 
buildings.   Figure  1  illustrates  the  organization  of  a  building 
management  information  system.   This  type  of  system  would  ultimately 
enable  a  municipality  to  identify  total  building  energy  cost  as  a  line 
item  in  its  municipal  budget  with  back-up  accounts  on  a  departmental 
and  building  basis,  including  data  on  the  cost  and  units  of  fuel 
consumed  during  a  fiscal  year.   The  requisite  information  elements  of 
such  a  system  and  format  possibilities  for  this  data  are  described  in 
greater  detail  in  the  appendix. 


THE  ENERGY  BUDGET 


Although  the  dollar  budget  provides  useful  insight  into  the  overall 
structure  of  municipal  building  energy  costs,  it  will  not  indicate 
which  particular  buildings  represent  the  best  opportunities  for 
cutting  energy  costs.   A  comparison  of  efficiency  between  two 
buildings  based  solely  on  the  dollar  cost  of  energy  consumption  is 
subject  to  serious  inaccuracies.   The  reasons  for  this  are  treated 
thoroughly  in  the  appendix.   A  comparison  on  the  basis  of  the  total 
energy  used  during  the  same  year  to  heat,  light,  and  power  two 
facilities  that  have  similar  uses  is  a  meaningful  approach  to 
evaluating  relative  efficiency.   The  concept  of  energy  budgeting 
that  will  be  developed  here  involves  a  comparison  of  actual  energy 
use  in  each  municipal  building  with  a  standard  of  energy  consumption 
for  that  type  of  facility.   This  standard  represents  what  the  average 
building  of  that  type  ought  to  use  if  it  is  equipped  and  operated 
efficiently.   The  energy  budget  provides  a  manager  with  a  tool  for 
knowing  whether  the  units  of  energy  used  by  a  given  facility  are  well 
spent,  much  as  miles  per  gallon  provides  a  car  owner  with  a  standard 
of  efficiency  in  terms  of  fuel  consumption. 

Constructing  an  energy  budget  for  a  building  involves  the  following 
steps: 

1.  Obtain  accounting  records  on  annual  fuel  consumption  of  all 
energy  sources  (including  electricity,  gas,  oil)  in  a  specific 
building  and  convert  these  quantities  to  a  common  denominator 
of  energy  units  that  can  then  be  added  together. 

2.  Divide  this  total  of  building  energy  used  by  the  square  footage 
of  the  facility.   This  yields  a  measure  of  energy  units 
consumed  per  square  foot  per  year. 

The  figure  obtained  by  the  above  procedure  is  in  fact  a  performance 
indicator  that  permits  the  comparison  of  the  relative  efficiency  of 
two  facilities.   The  procedure  for  developing  this  indicator,  includ- 
ing worksheets  and  conversion  factors,  is  presented  in  the  technical 
appendix  in  a  simple,  easy-to-use  form  that  can  be  followed  by  anyone 
with  adecjuate  accounting  records  and  a  calculator. 
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The  unit  of  energy  used  to  construct  this  performance  standard  is  the 
British  Thermal  Unit  (BTU) . 

A  BTU  (British  Thermal  Unit)  is  a  common  unit  for  measuring  the  heat 
content  of  different  energy  sources  such  as  electricity  or  oil.   It  is 
used  throughout  this  discussion  to  present  different  fuels  in  terms  of 
equivalent  heat  content.   Technically  a  BTU  is  the  amount  of  energy 
needed  to  raise  the  temperature  of  one  pound  of  water  one  degree 
Fahrenheit.   In  more  meaningful  terms,  it  takes  over  100  million  BTU's 
to  heat  the  typical  house  during  a  winter,  and  over  7  billion  BTU's  to 
power  a  40,000  square  foot  school  for  a  year.   Since  a  BTU  is  such  a 
small  unit  of  measure,  the  standards  and  conversion  values  used  in 
this  report  are  expressed  in  units  of  1,000  BTU's,  abbreviated  as 
MBTU's  (1000  BTU's  =  1  MBTU). 

There  is  a  standard  MBTU  content  for  each  type  of  fuel.   When  quanti- 
ties of  different  energy  sources  are  converted  to  their  equivalent 
MBTU  values,  they  can  be  added  together  to  obtain  the  value  of  total 
annual  building  energy.   By  computing  MBTUs  per  square  foot  per  year, 
an  index  is  obtained  that  permits  comparison  of  different  size  facili- 
ties having  similar  uses.   In  the  ECP  study  of  112  municipal  facili- 
ties, this  index  correlated  very  well  with  the  dollar  per  square  foot 
cost  of  energy.   The  user  of  this  index  highlights  those  buildings 
where  the  potential  dollar  and  energy  savings  are  greatest. 


THE  AEI 


This  standard  of  MBTU' s  per  square  foot  per  year  is  referred  to  as  the 
Annual  Efficiency  Index  (AEI)  of  a  building.   The  AEI  is  the  basic 
tool  in  energy  budgeting  that  enables  a  manager  to  determine  whether 
or  not  some  of  the  dollars  allocated  for  building  energy  are  being 
wasted. 

The  value  of  the  AEI  as  a  measure  of  performance  is  dependent  on  the 
ability  to  compare  it  to  a  standard  of  efficiency.   An  efficiency 
standard  in  this  sense  means  that  ideally  a  building  of  this  type 
should  use  a  certain  amount  of  energy  per  square  foot  per  year  if  it 
is  equipped  and  operated  at  high  standards  of  energy  conservation. 
The  ECP  study  has  developed  these  standards  for  particular  types  of 
municipal  buildings.   They  are  presented  in  Table  2,  expressed  as 
MBTU's  per  square  foot  per  year  for  specific  type*?  of  municipal 
buildings. 

Why  are  different  standards  used  for  different  building  types? 
Building  usage  is  a  major  determinant  of  energy  consumption.   Compare 
how  the  use  patterns  of  schools  and  fire  stations  influence  differen- 
tial energy  demands.   Buildings  have  different  heating  and  lighting 
loads  when  occupied  than  when  empty.   Schools  are  generally  occupied 
from  early  morning  to  late  afternoon  and  may  be  vacant  entirely  over 
three  summer  months.   Fire  stations  are  usually  occupied  24  hours  a 
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TABLE  2 


STANDARD  (AEI)  VALUES  FOR 
MASSACHUSETTS 

BASE  AEI 
STANDARD* 
BUILDING  TYPE  (MBTU'S /SQ.FT.) 

SCHOOLS  BUILT  BEFORE  1945  105 

SCHOOLS  BUILT  AFTER  1945  120 

FIRE  STATIONS  135 

TOWN  HALLS  (OFFICES)  115 

LIBRARIES  .  110 

POLICE  STATIONS  105 

DPW  GARAGES  105 

*  BASE  STANDARDS  ARE  BASED  UPON  AN  ANNUAL 
HEATING  SEASON  OF  5621  DEGREE  DAYS 
(BOSTON'S  30  YEAR  NORMAL) 
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day  year  round  and  suffer  major  heat  losses  in  winder  when  doors  are 
opened  for  exit  and  entry  of  fire  trucks.   The  AEI  standards  for  fire 
stations  are  higher  than  for  schools.   This  does  not  mean  they  are 
less  efficient.   Comparing  the  AEI's  of  schools  and  fire  stations  is 
like  comparing  apples  and  oranges.   One  can  only  make  comparisons  of 
efficiency  between  facilities  that  have  similar  uses. 

There  is  another  basic  type  of  difference  recognized  in  Table  2  which 
presents  different  AEI ' s  for  old  schools  (pre  1945)  and  new  schools 
(post  1945) .   This  can  be  understood  by  considering  that  the  struc- 
tural and  mechanical  differences  between  a  single  family  house  and  a 
high  rise  apartment  building  imply  different  energy  demands. 
Similarly  for  schools,  new  schools  are  heated  and  ventilated  by  a 
sophisticated  system  of  air  heating,  mixing,  and  circulating  that  is 
mechanically  powered,  whereas  old  schools  have  double-hung  windows 
and  radiators.   New  schools  also  tend  to  have  more  glass  area  subject 
to  heat  loss  and  ancillary  educational  facilities  such  as  labs  and 
kitchens  that  use  additional  power.   The  different  energy  loads  for 
these  two  types  of  buildings  require  distinct  AEI  standards  reflecting 
these  structural  and  mechanical  differences. 


HOW  TO  USE  THE  AEI 


The  standard  AEI  for  a  building  type  can  be  compared  with  the  actual 
AEI  of  a  building  to  estimate  the  potential  energy  savings  in  that 
facility.   By  expressing  the  difference  between  standard  and  actual 
as  a  percentage  of  actual  and  multiplying  the  total  annual  building 
energy  cost  by  this  percentage,  an  approximate  estimate  of  the  total 
dollar  savings  can  be  obtained.   (Worksheets  for  this  calculation  are 
provided  in  the  appendix.) 

This  total  savings  estimate  represents  savings  that  can  be  achieved  in 
three  ways : 

1.  Savings  that  have  little  or  no  cost  and  which  can  be  realized 
with  minimum  effort  and  technical  skills  on  the  part  of  the 
individuals  using  and  operating  the  building; 

2.  Savings  that  have  little  or  no  cost,  which  can  be  achieved 
through  a  vigilant  conservation  effort  and  a  higher  level  of 
technical  skills;  and 

3.  Savings  which  can  be  achieved  through  capital  investment  in 
modifying  building  hardware  to  improve  efficiency  and  which 
will  be  sufficient  to  at  least  recover  the  cost  of  that  capital 
investment  during  the  lifetime  of  the  building. 

The  Base  AEI  Standards  and  the  classification  of  savings  are  based 
upon  the  work  of  R.  G.  Vanderweil  Engineers,  Inc.,  which  conducted 
building  audits  and  cost-benefit  studies  in  sixty  of  the  112  municipal 
facilities  evaluated  in  the  ECP  study.   A  more  detailed  discussion  of 
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the  derivation  of  the  AEI  Standards  is  contained  in  the  appendix. 

The  Standard  AEI  should  be  understood  as  a  goal  that  can  be  attained, 
given  a  commitment  of  time,  effort,  and  money.   It  may  not  be 
achieved  in  the  first  year  of  a  conservation  program,  but  within  two 
years  most  of  the  distance  should  be  covered.   Each  year's  progress 
can  be  measured  by  calculating  the  actual  AEI  and  comparing  it  to  the 
local  climate-corrected  standard  AEI  for  that  year.   The  savings 
estimate  calculated  may  indicate  it  is  not  productive  to  get  every 
building  of  a  given  type  right  on  the  standard,  but  it  will  pay  to 
get  the  buildings  with  highest  operating  expenses  as  close  as 
possible . 

The  manager  will  want  to  evaluate  the  potential  annual  savings 
estimate  calculated  from  the  difference  between  actual  and  standard 
AEI  in  both  percent  and  absolute  dollar  terms.   The  percent  estimate 
represents  the  margin  of  savings  potentially  available  in  a  given 
building.   The  absolute  dollar  savings  corresponds  with  the  actual 
dollar  size  of  a  building's  energy  budget.   A  low  percent  estimate  in 
a  building  with  a  large  dollar  budget  may  yield  an  annual  dollar 
savings  estimate  that  is  roughly  equivalent  to  a  building  with  a  high 
percent  savings  estimate  but  a  relatively  smaller  dollar  energy 
budget. 

In  using  the  savings  estimates  as  a  guideline  for  selecting  the  most 
opportune  targets  for  a  conservation  program,  managers  will  tend  to 
select  buildings  that  promise  the  greatest  financial  return.   Where 
this  means  selecting  a  building  with  a  relatively  low  percent  savings 
estimate,  a  greater  level  of  effort  may  be  required,  but  this  can  be 
justified  by  higher  expected  dollar  return. 

In  using  these  savings  estimates  to  select  the  targets  of  the  energy 
savings  program,  managers  should  first  ascertain  whether  the  variance 
between  actual  and  standard  AEI's  can  be  partially  explained  by  an 
unusual  pattern  of  building  use,  or  the  presence  of  special  equipment 
or  facilities  in  the  subject  building  that  differs  from  the  "normal" 
building  of  that  type.   For  example,  a  high  actual  AEI  in  a  school 
building  might  not  indicate  great  inefficiencies  if  the  building  is 
air  conditioned  during  the  summer  for  school  sessions. 

Some  rules  of  thumb  for  interpreting  the  AEI-based  savings  estimates 
as  a  guide  for  selecting  the  targets  of  an  energy  savings  program  are 
conveyed  in  Table  3. 


FOLLOW-UP  ON  THE  AEI 


It  will  be  useful  to  make  the  AEI  calculation  each  year  after  the 
energy  savings  program  is  initially  implemented,  since  rising  energy 
prices  may  obscure  any  energy  savings  actually  accomplished.   The 
variance  should  narrow  each  year  as  implementation  of  energy  saving 
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TABLE  3 


RULES  OF  THUMB  FOR  AEI  INTERPRETATION 


Possible  Annual 
Savings  Estimates 

The  percentage  differ- 
ence between  the 
Actual  AEI  and  the 
climate  corrected 
Standard  AEI  is: 


Possible  Actions  Indicated 


30%  + 


10%  to  30% 


0%  to  10% 


less  than  0% 


Building  represents  best  target  for  an  energy 
savings  program.   Be  sure  variance  does  not 
reflect  differences  in  use  from  "normal" 
building  of  this  type. 

Building  represents  a  good  target  for  an 
energy  savings  program.   The  closer  the  esti- 
mate is  to  10%,  the  more  likely  that  capital 
investment  measures  will  be  needed  to  reduce 
energy  use  to  the  standard  level. 

Building  may  be  operating  efficiently.   Are 
there  better  targets  available.   Does  the 
size  of  the  dollar  energy  budget  in  this 
building  justify  its  selection  as  a  target 
even  though  percent  estimate  is  low? 

Check  to  determine  whether  there  was  an  error 
in  calculations.   Is  building  used  less  than 
the  normal  building  of  this  type? 
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measures  reduces  consumption.   Whether  this  happens  is  an  indication 
of  effectiveness  in  following  through  with  implementation  of  the 
conservation  measures  that  involve  changes  in  operating  procedures  and 
modification  of  the  building.   In  this  context,  the  AEI  is  a  continu- 
ing tool  for  monitoring  building  performance  that  will  indicate  short- 
comings requiring  remedial  attention. 

Assuming  that  the  first  year  effort  in  an  energy  savings  program  is 
primarily  devoted  to  implementation  of  no-cost  measures ,  the  AEI 
calculation  in  program  year  two  will  indicate  which  buildings  may 
yield  the  greatest  return  from  investment  in  cost  effective  measures. 

By  using  the  AEI  as  a  method  both  of  selecting  the  best  targets  for  a 
conservation  effort  and  of  establishing  energy  and  dollar  savings 
goals,  the  manager  has  taken  the  essential  first  step  in  implementing 
an  effective  energy  savings  program. 

The  next  phase  of  the  effort  is  establishing  an  action  program  that 
begins  to  produce  the  expected  payoff. 
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BUILDING 

AUDIT 


The  Energy  Budget  provides  a  tool  for  selecting,  as  targets  for  an 
energy  savings  program,  buildings  that  represent  the  best  opportunities 
for  yielding  dollar  savings.   The  next  phase  of  the  program  requires 
a  more  finely  tuned  method  to  prescribe  specific  conservation  measures 
which  should  be  implemented  in  these  buildings  to  achieve  this  result. 
This  is  the  purpose  of  the  Building  Audit. 

The  principal  concerns  for  a  manager  in  this  phase  of  an  energy 
conservation  program  are: 

1.  Determining  which  actions  are  appropriate  to  specific 
buildings;  and 

2.  Ensuring  that  an  objective  assessment  of  the  savings 
potential  of  each  possible  action  in  each  building  is  fully 
considered. 

A  Building  Audit  is  a  "walk- through"  of  a  building  by  someone  trained 
to  identify  conservation  opportunities.   The  most  important  output 
of  an  audit  is  a  set  of  specific  recommendations  citing  the  no-cost 
measures  that  ought  to  be  implemented  in  each  facility  and  the 
capital  investment  items  that  should  be  considered.   The  audit 
produces  recommendations  for  an  "action"  program  for  each  building, 
based  upon  physical  inspection  of  operating  conditions  during  the 
"walk-through . " 

The  recommendations  of  an  audit  should  include  the  following: 

1.  A  listing  of  the  energy  conservation  measures  which  are 
applicable  in  each  building  in  the  form  of  a  completed 
checklist.   This  list  should  identify  both  measures  with 
no  implementation  cost  and  those  that  require  capital 
investment; 

2.  An  estimate  of  the  energy  savings  to  be  expected  from 
implementation  of  the  recommended  measures.   At  a  minimum,  the 
estimate  should  separately  identify  the  savings  expected  from 
implementation  of  "no-cost"  measures  versus  savings  from 
measures  that  will  require  some  investment; 

3.  For  the  measures  recommended  in  the  checklist,  priorities 
should  be  assigned  to  indicate  which  measures  have  particularly 
high  energy  saving  potential;  and 

4.  Finally,  the  report  should  note  any  measures  of  importance 
which  don't  appear  on  the  checklist.   These  would  include 
special  equipment  or  innovative  concepts  which  the  auditing 
personnel  might  consider  worth  further  investigation. 
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One  of  the  most  valuable  outcomes  of  the  Energy  Conservation  Project 
study  in   which  sixty  municipal   buildings  were  audited  by   the  firm  of 
R.  G.  Vanderweil   Inc.    was   the  fact   that  approximately  half  of   the 
savings  estimated  could  be  achieved  through  implementation  of  "no- 
cos  t"   meas ures . 

A  sample  of  the  Vanderweil  report  and  its  results  is  presented  on  the 
following  pages.   In  this  case  the  auditors  worked  from  a  preselected 
checklist  of  conservation  measures.   Since  this  checklist  was  designed 
for  audits  of  municipal  facilities,  it  may  be  copied  for  use  in  any 
municipality's  program.   A  more  detailed  discussion  of  the  underlying 
technical  principles  on  which  these  checklist  items  are  based  is 
contained  in  the  Technical  Appendix.   This  information  will  prove 
useful  to  the  operating  personnel  with  responsibility  for  follow- 
through  on  audit  recommendations. 

In  addition  to  the  items  listed  in  the  checklist,  the  building  audit 
should  also  include  an  assessment  of  the  quality  of  observed  building 
operation  and  maintenance  procedures.   Situations  where  the  need  for 
additional  or  corrective  training  of  operating  personnel  is  apparent 
should  be  noted. 


ORGANIZING  THE  AUDIT 


The  amount  of  time  involved  in  a  building  audit,  and  therefore  the 
cost  if  outside  personnel  are  used,  depends  upon  the  complexity  and 
size  of  a  building  and  other  important  factors.   The  use  of  a  pre- 
selected checklist  of  items  can  reduce  the  time  required  for  the 
"walk- through"  and  preparation  of  reports. 

Providing  outside  auditors  with  well-organized  baseline  data  on  each 
building  to  be  inspected  can  substantially  reduce  costs.   Key  items 
of  information  that  speed  up  the-  auditors'  work  are: 

•  annual  energy  consumption  data  by  type  of  fuel  and  amount; 

•  the  square  footage  of  the  building  and  normal  hours  and  seasons 
of  operation; 

•  type  of  construction,  with  emphasis  on  number  of  stories,  glass 
area,  and  type  of  wall  and  roof  insulation,  if  any;  and 

•  major  characteristics  of  the  heating  and  lighting  systems. 

Providing  outside  personnel  with  this  information  rather  than  having 
them  spend  time  in  developing  it  saves  money. 

Another  key  to  organizing  efficient  Building  Audits  is  the  presence  of 
operating  and  supervisory  maintenance  people  during  the  audit,  since 
the  auditor  will  have  detailed  questions  on  equipment  and  operating 
procedures.   Their  cooperation  is  essential,  since  they  know  most 
about  their  building  and  will  be  the  people  who  must  implement  many  of 
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Dear  Sirs: 

Enclosed  are  the  reports  of  our  audits  of  your  municipal  buildings.  These  audits 
consisted  of  field  visits  by  one  of  our  staff  engineers  to  determine  the  applicability 
of  a  preselected  list  of  energy  conservation  measures. 

In  the  checklists  that  follow,  our  observations  and  recommendations  are  indicated 
1n  the  following  manner.  For  measures  found  to  be  applicable  we  noted  whether  the 
measure  should  receive  high  priority  (designated  by  "H")  or  low  priority  ("L")  1n  im- 
plementation efforts.  Check-offs  are  used  to  indicate: 

1.  measures  which  appear  to  have  applicability  but  which  require  more  analysis 
than  a  walk-through  audit; 

2.  measures  which  have  no  cost  to  Implement  (such  as  changes  1n  operating  pro- 
cedures; 

3.  measures  judged  not  applicable  1n  specific  buildings;  and 

4.  measures  which  were  already  Implemented  at  the  time  of  the  walk-through  audit. 

Our  report  Includes  estimates  of  the  savings  1n  energy  consumption  in  three 
categories: 

1.  Percent  savings  from  measures  already  Implemented  in  the  building  when  appli- 
cable; 

2.  Percent  reduction  that  would  result  from  implementation  of  the  recommended 
no-cost  measures; 

3.  Percent  reduction  in  energy  that  would  result  from  cost-effective  investments 
in  equipment  which  would  make  permanent  Improvements  in  the  building  perform- 
ance. In  this  case  we  have  noted  areas  where  further  engineering  study  1s  war- 
ranted to  determine  whether  these  improvements  should  be  undertaken. 

Personnel  motivation  is  probably  the  most  important  factor  in  energy  conservation. 
We  believe  that  in  most  cases  aggressive  management  could  result  in  an  additional  5  to 
10  percent  in  no-cost  savings. 

Savings  estimates  and  reports  on  each  of  the  buildings  follow. 

Based  on  our  walk-through  survey  of  the  High  School  the  following  Items  are  likely 
subjects  for  further  cost-benefit  analysis: 

1.  Conversion  of  oil  to  gas  boilers; 

2.  Excessive  ventilation  of  unit  ventilators; 

3.  Roof  insulation  and  reflective  coating  on  outside  windows; 

4.  Heat  recovery  from  boiler  stack. 

Attached  is  our  walk-through  check  list.  Implementation  of  the  no-cost  measures 
will  result  1n  an  estimated  reduction  1n  energy  consumption  of  15  to  20  percent.  Al- 
though the  above  cost-benefit  studies  are  not  complete  we  estimate  that  another  15  to 
20  percent  reduction  through  cost-effective  investment  1s  possible.  Measures  already 
implemented  by  local  personnel  have  resulted  in  15  percent  reduction  in  energy  consump- 
tion. 

R.  6.  VANDERWEIL 
Engineers,  Inc. 
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AUDIT  CHECKLIST 


OATE :     6/9/76 
TOWN:     Wattsville 


STATUS 


BUILDING:  High  School 


1) 

2) 
3) 
4) 


6) 

7) 
8) 
9) 

10) 
ID 


12) 

13) 
14) 

15) 

16) 
17) 
18) 

19) 
20) 
21) 


22) 

23) 
24) 
25) 


MEASURES 


Set  back  Indoor  temperatures  during  unoccupied  periods 
to  a  recommended  level  of  55 

Shut  down  ventilation  system  during  unoccupied  periods 

Reduce  ventilation  rates  during  occupied  periods 

Reduce  conductive  heat  loss  transmission  through  the 
building  envelope  by  adding  wall  Insulation,  roof  In- 
sulation and  storm  windows 

Measure  the  burner-boller/furnace  efficiency  to  ascer- 
tain that  boiler  1s  operating  with  a  combustion  effi- 
ciency of  75  to  80* 

Reduce  consumption  of  hot  water  through  low  flow  shower 
heads  and  automatic  shut  off  lavatory  faucets 

Add  tlmeclock  to  recirculating  system 

Turn  off  cooling  system  during  unoccupied  periods 

Use  switching  and  timers  on  school  lights  by  installing 
recommended  devices  in  these  locations 

Reduce  power  for  lighting  by  disconnecting  ballasts  when 
de lamping 

a.  Maintain  steam  traps  every  3  months 

b.  Check  filters  on  central  air  handling  units  and  re- 

place every  month 

c.  Insulate  distribution  In  the  following  areas 

None 

d.  Eliminate  reheat 

Check  window  units  and  chillers. 

Use  outdoor  air  for  cooling. 

Reduce  winter  Indoor  temperatures  during  occupied  periods 
to  a  recommended  level  of  6QT . 

Increase  summer  Indoor  temperature  and  relative  humidity 
levels  during  occupied  hours  up  to  a  recommended  maximum 
of  78/60X. 

Reduce  hot  water  temperatures  to  a  recommended  temperature 
of  110°. 

Reduce  solar  heat  gains  through  addition  of  blinds,  curtains, 
etc. 

Reduce  Illumination  levels  by  replacing  existing  lamps  with 

or  by  removing  about  1/3  of  lamps  from 
existing  fixtures  1n  Administrative  area. 

Turn  off  lights  in  unused  areas. 

Use  task  lighting  in  the  areas  of  Administration. 

Utilize  daylight  for  natural  Illumination  In  the  following 
locations: 

Library 
Shops 

Reduce  energy  consumption  for  equipment  and  machines  by 
adjusting  the  following  equipment:  _• 


Reduce  electric  demand  by  turning  off  A/C  units. 
Install  separate  domestic  hot  water  heater. 
Check  controls  calibration. 
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the   recommendations.      Involvement  of   the   individual  who  has   supervi- 
sory  responsibility    for   the   user  group  occupying   the  building    (such   as 
a   school  principal)    is   advisable,    since   implementation   of  some   of  the 
no-cost  measures  will   require   user   cooperation.      This    individual   can 
also  provide    information   on   scheduling   requirements. 

In  general,    an   audit  should  be  organized  to  ensure   that  sufficient 
information  on  the  mechanics   of  a  building  and  user  requirements   is 
readily   available   to  those   conducting  it. 

Ideally,    the   audits   should  occur  well  into  the  heating  season  when 
buildings    are    fully   occupied.      This  will  assure   that   the  buildings   are 
observed  in   their  normal  modes   of  operation.      For  air-conditioned 
buildings    that   are   occupied  in  summer  months,    a   follow-up  audit  should 
be  made   at  that   time   as  well. 


SELECTING  BUILDING  AUDITORS 


There   are   two  options   for  selecting  personnel   to   conduct  the  building 
audit — using  in-house  personnel  or  hiring  outside   consulting 
engineers.      A  municipality  should  make   the   choice  based  on   its   own 
assessment  of   financial   constraints   and  the  skills   of  its   in-house 
personnel.      Under  no   circumstances   should  a  municipality   forego 
conducting  building   audits  because   it  doesn't  have   the  money   to  hire 
outside  personnel.      Remember  that  one  half  of   the  savings    found  in 
the   Energy   Conservation  Project  study   resulted  from  easy   to  identify 
no-cost  measures.      There   is   sufficient  information   available  in  this 
report  to  enable   a  municipality   to   capitalize  on  these  savings 
opportunities   and  to  identify   the  items   that  might  be  subjects   of 
cost/benefit  analysis   at  a  later  time  when   funds  are  available. 

The   level   of  skills    required  in   auditors    correlates  with   the  mechani- 
cal  complexity  of  the  buildings   to  be  evaluated.      Older  buildings 
without   climate    control   systems   do  not   require   a  grear.  deal  of 
sophisticated  analysis.      Buildings  with  mechanical  ventilation   and 
air   conditioning,    as    is   the   case  with  many  new  schools,    should  be 
audited  by   an   individual  with   a  sound  background  in   these  systems. 

Where  a  municipality  has  the  option  of  considering  outside  personnel, 
it  should  ascertain  that  the  firms  or  individuals  under  consideration 
have   a  background  in  energy   conservation   activity. 

It  would  be   ideal   for  a   trained  engineer  who  is  professionally 
qualified  in   the   design   and  maintenance  of  mechanical  and  electrical 
systems    for  buildings   to   conduct  the  building  audit.      An  engineer  will 
be   able   to  spot  potential   sources   of  energy  waste  quickly,    whether 
they  be   due   to  mechanical  problems   or  to  improper  operation   and 
maintenance  procedures. 

Among  the  advantages  of  using  outside  consultants  are  the  benefits  of 
an   unbiased   observer  who    can   often    recognize    inadequacies    in   building 
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operation   and  maintenance  better  than   local  personnel. 

Outside  help  is   also   the  best  means   of  getting  an   analysis   of  any 
weaknesses   that  may  exist  in  the  technical  skills   of  staff  with 
operating  responsibilities   for  mechanical  systems.      This   is  particu- 
larly the   case  with  sophisticated  mechanical  systems    found  in  modern 
schools.      A  large  high   school  may  have  a  quarter  million  dollar  annual 
energy  budget.      Here   a  10%   savings   is  highly  significant,    and  tight 
operation  of  control  systems   can  easily  achieve  it.      An  outside  audit 
signals   to  employees   a  departure   from  business   as   usual   and  as   such 
can   enhance   their  motivation   to   follow  through. 

There   are   several  sources   of  outside   technical  assistance  that  might 
be  considered.      Conceivably   local  citizens  with  mechanical  engineering 
skills  might  be  persuaded  to  volunteer  time  to  a  program.      Major  town 
industries,    including  the  utilities,   may  have  personnel  with  the 
requisite   skills   that  could  be  made  available  at  no  cost  to  the 
municipality.      Professional  engineering   firms   are  a  source   available 
at  a  fee.      Firms  with  experience   in   this    field  should  be   confident 
enough   to  guarantee   that  the   cost  of  their  services  will  be  recovered 
through  savings  within  a  period  following  implementation  of  their 
recommendations.      The   cost  of  using  outside  services   can  be  minimized 
if  the  key   audit  information   is   collected  in  advance  and  is   available 
to  the   firm.      Similarly,    costs  may  be  held  down  if  the  audit  is  split 
into  two   levels   of  analysis.      The   first   level  would  be  a  survey   citing 
no-cost  measures    to  be   implemented  and  capital   investment  items   to  be 
considered  but  not  evaluated  on  a  cost/benefit  basis   until  the  second 
level.      The   Technical  Appendix  to  this   report  can  be  used  to  select 
capital   investment  measures   that  are  most   likely   to  have   the  best 
payoff  when   verified  by  a  detailed  cost/benefit  study  at  an  additional 
fee. 


FOLLOW-THROUGH   ON   THE   AUDIT 


Although   the   audit  produces   recommendations,    the   dollar  and  energy 
savings  will  only  be   realized  with   implementation.      Some  of  these 
savings   are  only  available  after  investment  in  modifying  the  physical 
plant  of  a  building.      But  there   is  an  immediate  and  substantial  payoff 
from  implementation  of  the  no-cost  measures.      Follow-up  attention  by 
the  manager   to  make   sure   that  these  recommendations   are  implemented 
promptly   is   essential. 

The  ECP  study  was   able   to  reduce   the  content  of  no-cost  recommenda- 
tions on   an  audit  checklist  to  sixteen  procedures   that  are  common  to 
the  operation  of  most  municipal  buildings   and  hav=»   the  biggest  impact 
on  savings   at   little  or  no  cost.      They   can  be  usefully  classified  here 
by   the   type  of   follow-up  action  required  of  a  manager  when  implementa- 
tion is   recommended  by  an  audit.      The   following  reviews   a  classifica- 
tion scheme   that  notes   the  different  focus   for  management   foilow- 
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through  suggested  in  each  category: 

1.  Measures  which  involve  minor  changes  in  the  operation  and 
maintenance  of  buildings ,  but  can  be  accomplished  without 
special  training  of  building  operating  personnel.   These 
measures  include: 

a.  Set  back  thermostats  during  evenings  and  on  weekends  to 
a  recommended  setting  of  55  degrees; 

b.  Shut  down  ventilation  system  during  evenings  and  on 
weekends; 

c.  Shut  down  cooling  system  completely  during  evenings  and 
on  weekends; 

d.  Reduce  unnecessary  lighting  by  delamping  (i.e.,  removing 
selected  bulbs  from  their  fixtures) ;  and 

e.  Reduce  domestic  hot  water  temperature  to  110  degrees. 

Fo  1  low-  th  ro  ugh : 

Items  a  through  c  can  best  be  implemented  by  adjusting 
mechanical  timers  and  controls  in  a  building.   If  these 
controls  are  not  available,  then  set-backs  should  be  made 
part  of  standard  operating  procedures  for  personnel. 

The  indicated  degree  settings  are  critical  to  getting  the 
full  potential  payoff. 

2.  Measures  involving  changes  in  the  operation  and  maintenance  of 
buildings  which  require  technical  assistance  or  special  skills 
from  operating  personnel.   These  include: 

a.  Reduce  ventilation  rates  during  occupied  periods; 

b.  Measure  and  adjust  efficiency  of  the  boiler/burner; 

c.  Check  calibration  of  thermostats; 

d.  Eliminate  reheat;  and 

e.  Disconnect  ballasts  when  delamping. 

Fo 1 low- th rough : 

If  requisite  skills  are  not  available  on  staff,  items  a,  b, 
and  c  can  be  done  under  an  annual  maintenance  contract. 
Items  d  and  e  can  be  handled  by  an  experienced  mechanic. 

3.  Measures  which  can  be  initiated  by  building  operating  personnel 
but  which  require  the  cooperation  of  all  users  of  the  building 
for  effectiveness.   These  include: 

a.  Reduce  winter  indoor  temperature  to  68  degrees  or  lower; 

b.  Increase  summer  indoor  temperature  to  78  degrees  or 
higher; 

c.  Turn  off  unused  lights; 

d.  Use  outdoor  air  for  summer  cooling; 
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e.  Use  blinds   or  curtains   to  reduce   solar  heat  gain  in 
summer;    and 

f .  Use  natural   lighting  whenever  possible. 
Fol low- th  rough : 

These   items  have  a  substantial  payoff  and  the  cooperation  of 
building  users   on  a  day   to  day  basis   is   absolutely  critical. 
Explicit  and  continuing  efforts   to  enlist  that  cooperation 
are   advisable.      An  introductory  meeting  to  review  the  over- 
all goals   and  objectives  of  the  municipality's   conservation 
program  with  building   users   should  be   considered.      Most 
people  will  accept  a  68  degree  thermostat  setting  if  they 
understand  that  the   choice   is  between  wearing  warmer 
clothing,    such  as   a  sweater,    or  reducing  vital  municipal 
services.      Similar  appeals   can  be  made   for  observance  of 
each  of  the   above  measures.      A  periodic  checkup  of  each 
building  to  ensure   compliance   also  ought  to  be   considered. 


FOLLOW-THROUGH    IMPLEMENTATION    OF   CAPITAL    INVESTMENT 
MEASURES 


Each  building  audit  will  uncover  a  number  of  possibilities   for  saving 
energy  by  modifying  building  equipment  and  the  building  envelope.      The 
list  of  possible   capital  investments   can  be  evaluated  using  engineer- 
ing and  financial   criteria.      The  annual  energy  savings   that  will 
result   from  a  given  improvement  can  be  estimated  and  converted  to  a 
dollar  value   representing  the  expected  annual   return  on   the  cost  of 
that  investment.      The  manager  using  financial  criteria  such  as  years  y 
to  payback   and  rate  of  return   can  select  those   investments  which  will 
yield  a  return   over  and  above   the  original   cost  of  the  investment. 
This   return   could  be   thought  of  as  an   annual  dollar  savings   that 
could  be   reinvested  in   additional  energy   conservation  improvements 
until   the   list  of  possible   cost-effective   improvements  has  been 
completed. 

A  manager  can   obtain   a   financial   and  engineering  analysis   of  the   list 
of  possible   investment  measures   that  will  provide  him  with  information 
on  the  cost  of   the   investment,    the  annual   dollar  savings,    and  the 
expected   lifetime  of  the  improvement.      On  this  basis,    a  schedule  of 
capital    improvements  can  be  organized.      These  can  be  selectively 
implemented  each  year  as    funds   are  available  until  all  cost-effective 
investments  have  been  made,    reducing  annual  building  energy  costs   to 
a  minimum. 

The  Building  Audit  program  in  six  municipalities   in  the  ECP  study 
included  a   financial   and  engineering  analysis  of  a  list  of  thirty 
possible  energy   conservation   improvements   in  different  municipal 
buildings.      These  studies,    and  a  detailed  presentation  of  the  finan- 
cial decision-making  criteria  that  can  be  used  to  evaluate  improve- 
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ments,  are  contained  in  the  Technical  Appendix. 

There  are  two  very  important  points  to  make  in  closing  this  discus- 
sion.  Because  of  the  inefficiency  of  our  current  building  stock, 
there  arc  investment  opportunities  for  improving  municipal  buildings 
that  yield  a  better  overall  return  that  can  be  obtained  by  investing 
the  same  amount  of  money  in  a  savings  account.   By  not  identifying 
these  opportunities  and  making  these  investments,  a  municipality  will 
be  forced  to  spend  an  increasing  amount  of  money  each  year  for 
building  energy  that  is  being  unnecessarily  wasted. 

The  latter  point  must  be  stressed.   Rising  fuel  prices  are  inevitable 
for  the  foreseeable  future.   The  only  uncertainty  is  how  rapidly  they 
will  increase.   This  means  that  the  annual  savings  anticipated  from  an 
improvement  will  increase  at  the  same  rate  as  fuel  prices  escalate. 
The  effect  of  this  is  a  much  quicker  return  on  investment  than  would 
otherwise  be  the  case.   This  is  illustrated  by  the  graph  in  Figure  2, 
which  charts  "years  to  payback"  versus  the  ratio  of  initial  investment 
cost  to  annual  savings.   The  heavy  dotted  line  shows,  for  an  invest- 
ment of  (for  example)  $1,000  with  annual  savings  of  $100  (i.e.,  a  cost 
to  savings  ratio  of  10  on  the  horizontal  axis) ,  how  the  years  to  pay- 
back decrease  as  the  rate  of  fuel  price  escalation  increases. 

This  is  a  rather  high  cost/savings  ratio.   There  are  investment 
opportunities  in  many  municipalities  with  a  much  quicker  return. 


FIGURE  2 


TIME  REQUIRED  TO  RECOVER  AN  ENERGY 

CONSERVATION  INVESTMENT  WITH  A  SEVEN  PERCENT  DISCOUNT  RATE 
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ENERGY 
CONSERVATION 

MANAGER 


Organizing  a  program  of  energy  management  in  buildings  requires 
leadership  by  the  Chief  Executive  in  assigning  to  municipal  personnel 
the  key  tasks  to  be  performed  in  energy  budgeting,  building  auditing, 
and  follow- through  phases.   The  participants  in  these  activities  will 
be  a  diverse  group  of  individuals.   Motivating  them,  coordinating 
their  efforts,  and  recognizing  their  accomplishments  is  the  key  to 
the  long-term  success  of  the  program. 


ROLE  OF  THE  MUNICIPAL  ENERGY  CONSERVATION  MANAGER 


An  important  first  step  that  will  give  the  program  needed  visibility 
is  a  formal  policy  statement  by  the  chief  executive  announcing  program 
goals  and  objectives  and  assigning  responsibility  for  implementation 
of  key  tasks.   These  tasks  can  be  thought  of  as  a  sequence  that 
includes:   calculating  AEI's  to  determine  energy  savings  potential; 
communicating  with  and  obtaining  the  cooperation  of  maintenance 
personnel  and  building  users  involved  in  program  implementation; 
monitoring  performance  on  a  periodic  basis;  evaluating  year-end 
results;  and  reassessing  savings  goals  for  the  next  year.   The 
individuals  involved  in  these  activities  include  the  chief  executive, 
accounting  personnel,  maintenance  personnel,  and  building  users. 

There  is  an  obvious  need  for  coordinating  this  effort.   In  evaluating 
the  options  for  accomplishing  this,  the  chief  executive  should 
consider  the  integrated  role  that  can  be  played  by  a  locally  desig- 
nated Energy  Conservation  Manager.   The  illustration  on  the  following 
page  schematically  presents  this  concept.   The  diagram  does  not 
necessarily  imply  the  addition  of  new  personnel.   This  function  may 
be  appropriate  to  an  individual  already  on  staff  or  to  a  department 
that  already  has  building  management  responsibility.   It  is  important 
that  the  program  functions  be  explicitly  assigned  and  that  the 
assignment  carry  with  it  sufficient  visible  support  from  the  chief 
executive  so  that  the  responsible  individual  or  department  with  the 
assignment  can  obtain  the  cooperation  of  the  key  actors. 

The  people-oriented  aspects  of  the  Energy  Conservation  Manager's  role 
need  to  be  stressed.   The  cooperation  of  maintenance  personnel  and 
building  users  such  as  classroom  teachers  in  adjusting  to  changes  in 
operating  procedures  and  wasteful  habits  is  vital.   The  tasks  that  are 
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FIGURE  3 


ROLE  OF  THE  ENERGY  CONSERVATION  MANAGER 


Annual  Program  Cycle 


•  CALCULATE  AEI'S  TO 
DETERMINE  SAVINGS 
POTENTIAL 


KEY  EXECUTIVES 


T 


•  EVALUATE  YEAR-END  RESULTS 
TO  REASSESS  SAVINGS  COAL 
FOR  NEXT  YEAR 


Recommends  implementation  of 
Energy  Savings  Program  for  each 
building  and  ('-partmant. 
Maintains  annual  schedule  of 
capital  investment  measures  that 
will  optimize  savings. 
Reviews  annual  performance  with 
Department  Heads  and  Chief 
Executive. 


CONDUCT  BUILDING  AUDITS  TO 
ESTABLISH  ENERGY  SAVINGS 
MEASURES  FOR  EACH 
BUILDING 


Promotes  cooperation 
with  Energy  Savings 
Program. 


e  Communicates  and 
monitors  changes 
in  operating 
proceedures . 


Establishes  information  system 
for  translating  energy-vendor 
invoices  into  Building  Energy 
Budgets . 

Maintains  warning  system  for 
flagging  excessive  consumption 
on  a  monthly  basis. 


MAINTENANCE 
PERSONNEL 


ACCOUNTING  STAFF 


MONITOR  PERFORMANCE  ON 
A  PERIODIC  BASIS 


•  COMMUNICATE  AND  OBTAIN 
COOPERATION  OF  BUILDING 
USERS  AND  MAINTENANCE  PERSONNEL 
IN  PROGRAM  IMPLEMENTATION 
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important  to  the  success  of  this  communication  process  are  highlighted 
below: 

Interpreting  and  Promoting   the  Program: 

1.  Translate  target  goals  and  walk- through  audit  results  into 
building  operation  procedures  for  each  building  maintenance 
person; 

2.  Assess  the  practicality  of  implementing  these  procedures  to 
determine  when  and  how  much  training  or  outside  assistance 
is  needed;  and 

3.  Meet  with  user  groups  to  educate  there  in  the  municipal 
energy  savings  program  and  its  implications. 

Implementing   the  Program: 

1.  Communicate  building  operations  procedures  to  building 
operators  and  managers; 

2.  Communicate  energy  consumption  data  regularly  to  building 
personnel  and  administrator; 

3.  Communicate  problems  in  interpretation  or  implementation 
noted  through  periodic  monitoring  to  the  administrator;  and 

4.  Communicate  examples  of  successful  results  in  saving  energy 
and  dollars. 


ESTABLISHING    THE    ENERGY    CONSERVATION    MANAGER   S    ROLE 

The   decision  on  where   to  assign  the  Energy  Conservation  Manager's 
function  must   take   into  account   the   local  circumstances   of  organiza- 
tional structure,    skill   levels   of  personnel,    and   financial 
constraints.      As    the   task  definitions   show,    the  ECM  needs   to  have 
skills   in  motivating  and  communicating  with  people,    as  well   as   a 
background   in  building  operations.      One  way   of  evaluating   the  worth 
of  this    function   is   estimating  the  extra  margin  of  savings   that  can 
be  generated  with   aggressive  program  implementation.      This  would  be 
considered  as   roughly   10%  of  a  municipality's   total  building  energy 
cost.      The   impact  of  this   savings   increment  is   shown  in  Table   4   for 
the  six  municipalities   that  participated  in  the  ECP  study. 

Ten  percent   is   a  very   conservative  estimate  of  potential  savings   and 
could  easily  be   reached  through  no-cost  measures.      The  Energy 
Conservation  Manager  in   Concord  successfully   reduced  energy   consump- 
tion  in   the   Town  Hall  by   30%   over  one  year  at  no   cost.      Observe  that 
for   towns   over  10,000   in  population   an   annual  savings   of  even   10% 
would  amply  provide   the   salary  of  an  energy   conservation   coordinator. 

The   degree   of   control   exerted  by   one  energy   coordinator  over  the 
operation   of   all  municipal  buildings   may  vary   among  municipalities. 
Traditionally   the   operation   of  municipal  buildings    falls    under 
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TABLE   4 


Total  Cost  of  10  % 


Town 

Population 

Building  Energy 

Annual 

Savings 

Fall  River 

100 , 000 

$ 

1,102,000 

$ 

110,200 

Attleboro 

33,000 

$ 

649,000 

$ 

64,900 

Concord 

16,000 

$ 

342,000 

$ 

34,200 

Tyngsborough 

4,313 

$ 

63,000 

$ 

6,300 

Pepperell 

5,887 

$ 

42,000 

$ 

4,200 

Dunstable 

1,292 

$ 

16 , 000 

$ 

1,600 
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departmental  control  (i.e.,  the  school  department  exclusively  controls 
school  buildings,  the  fire  department  operates  its  own  buildings, 
etc. ) .   However,  if  one  accepts  the  savings  opportunities  described 
earlier,  it  may  be  well  worth  changing  the  traditional  scheme  of 
municipal  operation  to  gain  the  benefits  of  expert  skills  available 
through  central  building  management. 

On  the  other  hand,  by  making  the  energy  conservation  manager  something 
less  than  all-powerful,  the  position  may  become  more  feasible  without 
sacrificing  a  great  deal  in  effectiveness.   For  example,  school 
buildings  account  for  about  70%  of  the  energy  used  in  all  municipal 
buildings.   By  making  the  Energy  Conservation  Manager  (ECM)  a  part  of 
the  school  department,  a  major  portion  of  the  town's  potential  savings 
could  be  achieved.   This  is  but  one  example  of  the  many  possible  ways 
in  which  a  municipality  can  build  the  role  of  an  ECM  into  its  existing 
organizational  structure.   Given  the  variations  in  the  structure  of 
local  governments  in  Massachusetts,  there  is  no  single  best  organiza- 
tional approach;  the  municipality  must  determine  for  itself  how  and 
where  the  ECM  should  fit  in. 

The  ECM  should  be  located  to  serve  all  municipal  departments  having 
building  management  responsibilities  and  thus  generate  the  greatest 
savings.   Ideally  the  ECM  would  function  in  every  department,  and 
should  always  function  in  school  buildings. 

One  of  the  most  important  conclusions  drawn  in  the  ECP  study  of  112 
municipal  buildings  was  that  achieving  the  highest  possible  margin  of 
energy  savings  depends  on  aggressive  implementation.   In  most  cities 
and  towns,  an  energy  conservation  manager  with  the  responsibility  and 
the  authority  for  getting  the  job  done  can  achieve  additional  savings 
that  will  more  than  cover  any  additional  salary  costs  involved. 
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TECHNICAL 
APPENDIX 

REVIEW  OF  BUILDING  ENERGY  BUDGETING  PRINCIPLES 

This  section  discusses  the  following  technical  issues: 

Why  units  of  energy  are  used  rather  than  dollars  in  budgeting; 

Why  the  AEI  is  adjusted  for  building  size  and  cost  of  fuel;  and 

How  the  Standard  AEI's  were  derived. 

This  section  also  presents  the  methods  and  material,  including  sample 
worksheets,  for  calculating  AEI  budgets. 

Why  Units  of  Energy  Rather  than  Dollars  are  Used  in  Energy  Budgets 

A  comparison  of  the  efficiency  of  two  separate  buildings  should  be 
made  on  the  basis  of  the  total  units  of  energy  required  for  heat, 
light,  and  power  in  the  respective  buildings.   The  alternative 
comparison,  based  solely  upon  total  dollars  spent  for  energy  in 
buildings,  is  subject  to  serious  inaccuracies  for  two  reasons. 

First,  the  prices  of  different  sources  of  energy  (i.e.,  electricity, 
oil,  and  gas)  are  not  equivalent  in  terms  of  units  of  energy  per 
dollar,  and  different  buildings  use  these  sources  in  varying  propor- 
tions.  Energy  units  purchased  in  the  form  of  electricity,  for 
example,  are  three  times  as  expensive  as  those  in  the  form  of  oil.   It 
is  conceivable  that  two  buildings  could  have  significantly  different 
energy  bills  while  consuming  equivalent  amounts  of  energy. 

Second,  because  energy  prices  increase  from  year  to  year,  comparing  a 
particular  building's  total  dollar  energy  cost  in  succeeding  years  may 
obscure  the  fact  that  actual  annual  energy  consumption  has  remained 
the  same  or  even  decreased. 

The  relationship  of  energy  sources  (i.e.,  electricity,  gas,  and  oil)  to 
end  uses  (heat,  light,  power)  in  one  building  is  not  likely  to  be  the 
same  as  in  another..   And  within  the  same  building,  one  source  may  be 
substituted  for  another  over  time.   It  is  not  very  useful  for  effi- 
ciency purposes  to  compare  quantities  (i.e.,  gallons,  kilowatts,  cubic 
feet)  of  energy  sourses  consumed  between  buildings.   But  the  energy 
content  of  different  fuels  is  known  and  can  be  measured  in  thousands 
of  British  Thermal  Units  (MBTU's) .   (A  BTU  is  defined  as  the  amount  of 
energy  required  to  heat  one  pound  of  water  by  one  degree  fahrenheit. 
An  MBTU  is  equivalent  to  1,000  BTU's.)   When  quantities  of  different 
fuels,  such  as  kilowatts  of  electricity,  gallons  of  oil,  and  cubic 
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feet  of  gas,  are  converted  to  their  MBTU  equivalents,  they  can  be 
added  together  to  determine  the  total  MBTU's  of  energy  used  in  a 
building  during  a  year.   (The  only  real  adjustment  the  layman  has  to 
make  in  thinking  about  energy  sources  in  BTU's  is  the  problem  of 
scale.   BTU's  are  a  small  unit  of  measure.   There  are  143,000  BTU's 
in  one  gallon  of  oil.   During  the  course  of  a  year,  a  given  building 
will  consume  several  billion  BTU's.)   Totalling  the  BTU's  of  energy 
used  during  a  year  in  a  building  presents  a  much  more  accurate 
picture  of  consumption  and  permits  accurate  comparisons  between 
similar  types  of  buildings. 


Adjusting  the  AEI  for  Building  Size  and  Cost  of  Fuel 

Energy  use  in  a  building  is  partly  a  function  of  the  volume  to  be 
heated  and  the  square  footage  to  be  illuminated.   Dividing  total 
annual  energy  use  by  total  building  square  footage  allows  comparisons 
to  be  made  between  different  size  buildings.   This  measure  of  MBTU's 
per  square  foot  is  a  performance  indicator  that  is  a  rough  measure 
of  relative  building  efficiency.   In  this  report,  total  MBTU's  per 
square  foot  is  referred  to  as  an  Annual  Efficiency  Index  (AEI) .  The 
AEI  is  the  basic  tool  in  energy  budgeting  that  enables  a  manager  to 
determine  whether  or  not  the  dollars  allocated  for  building  energy 
are  being  wasted. 

Since  it  is  intended  that  this  budgetary  technique  attract  a  manager's 
attention  to  buildings  with  the  greatest  dollar  savings  as  well  as 
energy  savings  potential,  the  conversion  factors  used  are  adjusted  for 
the  fact  that,  as  a  rule,  electrical  MBTU's  are  three  times  as 
expensive  as  oil  or  gas  MBTU's.   In  the  ECP  study,  this  corrected 
AEI  yielded  the  best  correlation  with  dollar  per  square  foot  cost, 
and  is  accurate  for  buildings  that  use  fossil  fuels  for  heating. 

All-electric  buildings  will  generally  have  inflated  AEI's  when 
compared  directly  to  similar  fossil-fuel-heated  buildings.   This  does 
not  mean  that  all-electric  buildings  are  actually  more  inefficient 
than  their  fossil-fueled  counterparts,  but  rather  that  electricity — 
as  an  energy  source — has  built-in  inefficiencies  due  to  the  large 
energy  losses  associated  with  its  generation. 

The  AEI  standards  recommended  in  this  manual  are  for  fossil-fuel  (gas 
or  oil)  heated  buildings  only  and  should  not  be  applied  to  all- 
elecjferic  buildings.   (It  is  possible  to  adjust  the  AEI  of  an  all- 
electric  building,  if  the  annual  electrical  consumption  for  space 
heating  alone  can  be  isolated  from  the  total  electrical  consumption. 
However,  since  all-electric  municipal  buildings  are  relatively  rare 
in  Massachusetts,  this  adjustment  is  not  included.) 


How  Were  the  Standard  AEI's  Derived? 

The  ECP  study  calculated  AEI's  for  112  municipal  buildings.   These 
buildings  were  grouped  by  type  and  an  average  AEI  for  the  group  was 
calculated.   The  AEI  of  each  building  was  then  compared  to  the  average, 
and  sixty  buildings  found  to  be  significantly  above  average  were 
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selected  for  a  Building  Audit  to  determine  the  causes  of  their  ineffi- 
ciencies.  These  audits  examined  operating  procedures  and  mechanical 
equipment  in  each  building.   Each  inspection  resulted  in  a  report  that 
indicated  which  procedures  should  be  modified  to  improve  efficiency 
and  where  improvements  in  equipment  would  reduce  consumption.   The 
percentage  savings  in  annual  consumption  that  would  result  from  these 
procedural  modifications,  i.e.  no-cost  savings,  were  also  estimated 
for  each  building. 

Taking  these  estimates  into  account,  new  average  AEI's  were  calculated 
for  each  building  type.   Climatic  adjustments  were  also  factored  in  to 
account  for  the  geographic  dispersion  of  the  demonstration  municipali- 
ties.  These  new  average  AEI's,  adjusted  to  the  Boston  climate,  are 
the  base  AEI  standards.   By  readjusting  the  standards  to  reflect  local 
climates  (see  Step  III  in  the  next  section) ,  these  AEI  standards  may 
be  applied  in  all  of  the  cities  and  towns  of  Massachusetts. 


PROCEDURES  AND  WORKSHEETS  FOR  CONSTRUCTING  AN  ENERGY  BUDGET 


The  municipal  building  energy  budget  is  composed  of  energy  budgets  of 
each  municipal  department,  which  in  turn  are  constructed  by  aggregat- 
ing the  energy  budgets  of  each  building.   The  preparation  of  an  energy 
budget  for  a  building  is  a  four-step  process  summarized  in  Figure  1-1 
and  discussed  below. 


Step  I;   Collect  Data 

The  required  data,  which  consist  of  the  total  quantities  of  electri- 
city, oil,  and  natural  gas  consumed  annually  as  well  as  their  costs, 
can  be  obtained  in  one  of  two  ways.   The  first  way,  which  is  probably 
more  likely  to  be  accurate  than  the  second,  entails  personally 
collecting  the  monthly  utility  bills  and  oil  delivery  receipts  for  the 
most  recent  fiscal  year  directly  from  municipal  records.   The 
alternative  is  to  submit  a  request  for  a  yearly  summary  of  the 
municipal  accounts  to  your  utilities  and  oil  dealers.   These  requests 
may  be  refused,  however,  since  the  information  you  request  is  made 
available  through  the  normal  billing  process. 

To  facilitate  the  collection  of  this  data,  use  Worksheet  1.  Copies  of 
this  worksheet  should  be  prepared  for  each  municipal  building.  Retain 
the  completed  worksheets  for  your  permanent  records. 

Also  required  in  the  energy  budget  is  the  enclosed  area  of  the 
building,  which  can  be  determined  either  from  the  building  plans  or, 
if  they  are  unavailable,  by  physically  measuring  the  building.   Count 
each  floor  separately  in  the  measurement,  but  don't  include  unheated 
basements  or  attics.   Deduct  the  thickness  of  the  exterior  walls  from 
the  measurements,  but  leave  in  the  space  occupied  by  interior  walls. 
Figure  1-2  shows  the  correct  method  of  measuring  building  area  using  a 
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FIGURE  1-1    PREPARING  AN  ENERGY  BUDGET 


PROCESS  STEPS  USE   WITH: 


I.  COLLECT  DATA  WORKSHEET  1 


-COLLECT   twelve  months  fuel  consumption 
data  (gas,  oil,  electricity). 


II.  COMPUTE  ACTUAL  AEI  WORKSHEET  2 

-CONVERT   fuel  consumption  to  equivalent 

energy  value  in  MBTU's. 
-DIVIDE   total  energy  value  by  total 

building  area. 


III.  COMPUTE  STANDARD  AEI  WORKSHEET  3  fi^~ 

-MULTIPLY   base  AEI  standards  by  local  ..^ 
climatic  adjustment  factor. 

IV.  DETERMINE  POTENTIAL  ENERGY  SAVINGS   WORKSHEET  4 

-savings  factor  ■  actual  AEI  -  standard  AEI 

actual  AEI 

-dollar  savings  =  savings  factor  X  total  annual 

energy  cost 


36 


SAMPLE  WORKSHEET  1 


FUEL  CONSUMPTION  DATA   WORKSHEET 

MUNICIPALITY:      U;/Atts  lhiJ-E. 
BUILDING  NAME:     Tlm,aI?     i+i6H 
FISCAL  YEAR:  Tcfju-'j* 

BUILDING  ARFA:  '  Vo./^fl 

TOTAL  ANNUAL  ENERGY  COST:   LSLUSM 


TOTAL  ANNUAL  ENERGY  CONSUMPTION  (MBTU'S):    iO>  /'S^^oL 


O 


4-  01 

3.YSUM 


T   OIL 
COST 

(dollars) 


month/year 


NATURAL 

GAS 

CONSUMED 

(CCF) 


NATURAL 
GAS 
COST 

(dollars) 


IL 

consumed 

(gallons) 


If    OIL 

consumed 
(gallons) 


J?   OIL 
COST 

(dollars) 


electricity 

consumed 

(kwh) 


ELECTRICITY 

COST 

(DOLLARS) 


JUNE 


o 


1*610 


<&L 


JULY 


o 


ktoo 


£±L 


AUG 


/o  /  00 


L$0. 


SEPT 


o 


/yot'o 


/2-6f 


OCT 


33*£ 


/Obi 


*3P_ 


/±££ 


NOV 


m. 


2.0  &2 


Zj>~&00 


/jZS 


DEC 


<5 


97*<> 


3/2^3 


g^e^g 


/S?^ 


JAN 


/<J,  ^'3£> 


^x/a 


2^_22£ 


/^y*~ 


FEB 


U£& 


nil 


2-b  1 00 


/7?3 


MAR 


Ul£2£. 


^icfc 


l*k  °&£> 


/T2-1* 


APR 


1LM 


I6&2- 


2-2.  I  Ob 


Ik?- 


MAY 


TOTALS: 


£ 


yi?,  ^y 


in  000 


1 


UZ1 


Q.<j1-,O00 


'&t  ft? 


FIGURE     1-2  CALCULATING   BUILDING  AREA 


1. 

FROM  THE  PLANS  OR  A 

VISIT  TO  THE  BUILDING 


2. 

IN  MORE  COMPLICATED  BUILDINGS 


/ 

L 

w      , 

< 

' 

MEASURE  THE  OVERALL 
LENGTH  AND  WIDTH  OF  THE 
BUILDING  IGNORING  INTERIOR 
WALLS 

AREA  =  L  X  W 


t 

A3 

Ai       j      A2 

BREAK  THE  BUILDING  INTO  SIMPLE  RECTANGLES 
AREA  =  Ai  +  A2  +  A3 

DON'T  FORGET  TO  ADD  THE  AREAS  OF  SECOND 
OR  THIRD  FLOORS 
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simple  building  plan.   The  local  building  inspector  can  help  you 
calculate  building  areas. 


Step  II:   Calculate  Actual  AEI 

The  definition  of  the  AEI  of  a  building  is  the  total  energy  consumed 
annually  in  the  building  per  square  foot  of  building  area,  and  is 
expressed  in  units  of  MBTU's  per  square  foot.   Since  the  amount  of 
energy  contained  in  each  type  of  fuel  differs,  the  conversion  factors 
in  Table  1-1  are  given  to  be  used  in  calculating  the  total  energy  in 
any  quantity  of  each  of  the  fuels  most  commonly  used  in  buildings. 

Use  Worksheet  2  to  calculate  the  AEI  of  a  building.   Copies  of  this 
worksheet  should  be  made  for  each  municipal  building. 

The  following  example  shows  a  step-by-step  method  for  calculating  the 
AEI  of  a  building;  in  this  case,  the  building  is  the  typical  school 
described  in  Sample  Worksheet  1) . 

Example  1-1:     AEI  Calculations 

Building  data  from  Worksheet  1:   (see  Sample  Worksheet  1) 

building  type:   school  built  after  1945 

KWH  of  electricity  consumed:  242,000  KWH 

gallons  of  #2  oil  consumed:  49,334  gallons 

CCF  of  natural  gas  consumed:  0  CCF 

total  energy  cost:  $  31,800 

building  area:  50,120  square  feet 

Result:   Actual  AEI  =  202.6 (see  Sample  Worksheet  2) 


TABLE  1-1 


ENERGY  CONVERSION  FACTORS  FOR 
COMMON  ENERGY  SOURCES  FOR  BUILDINGS 


Energy  Source Units  of  Measure    Conversion  Factors 


Electricity 

KWH 

11.38 

#2  Oil 

Gallons 

139.0 

#4  Oil 

Gallons 

150.0 

#5  Oil 

Gallons 

152.0 

#6  Oil 

Gallons 

153.0 

Natural  Gas 

CCF  (hundred  cubic 
feet) 

103.1 
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SAMPLE  WORKSHEET  2 


ANNUAL  EFFICIENCY  INDEX  (AEI)  WORKSHEET 


1,  -FILL  IN  THE  TOTAL  QUANTIES  OF  FUEL  IN  THE  APPROPRIATE  SQUARES 

ON  THE  WORK  SHEET, 

2.  MULTIPLY  THE  TOTAL  KWH  OF  ELECTRICITY  CONSUMED  TIMES 


THE  CONVERSION  FACTOR: 


total  KWH 

3.  MULTIPLY  THE  TOTAL  GALLONS  OF  #2  OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR:  X  139.00  * 

total  gallons 

4.  MULTIPLY  THE  TOTAL  GALLONS  OF  j^OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR:    jit   22g. X  150.00  * 

total  aallons 

5.  MULTIPLY  THE  TOTAL  GALLONS  OF  #5  OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR:  , X  152.00  - 

total  gallons 


x  11.38  -      R,ff3, E£ 


3 


Yj.ioDjoa 


OIL 


6.  MULTIPLY  THE  TOTAL  GALLONS  OF  #6  OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR:  X  153.00  ■ 

total  gallons 

7.  MULTIPLY  THE  TOTAL  CCF  OF  NATURAL  GAS  CONSUMED  TIMES 
THE  CONVERSION  FACTOR:  X  103.10  - 

total  CCF 

8.  ADD  up  these  MBTU's  to  get  the  total  building 

ENERGY  CONSUMPTION!  TOTAL  ESERGI 


O 


L 


3 


MBTU's 
MBTU's 
MBTU's 
MBTU's 
MBTU's 
MBTU's 


9.  ENTER  the  total  enclosed  area  of  the  building 
here: 

10.  DIVIDE  the  total  ssHwr (line  8)    by  the  area  (line  9) 
to  get  the  building  AEI: 


,o,^ifou\    MBTU's 
SQ.  FT. 


AREA   \^0>/^O    I 

9)  , , 

AEI  I   Z.QZ<<*\ 


MBTU's/ 
SQ.  FT. 


Step  III;      Compute  Standard  AEI 

It  is  not  accurate  to  suggest  that  the  same  Standard  AEI's  should  be 
applied  in  all  areas  of  Massachusetts.      A  building  in  a  more  severe 
climate  will  consume  more  energy  per  square  foot  than  a  similar 
building  in  a  milder  climate.     Municipalities  on  Cape  Cod,   the  North 
and  South  Shores,   and  along  the  southern  coast  do  not  experience  the 
severe  winters  that  towns  in  Western  and  Central  Massachusetts  do. 

The  Standard  AEI  must  be  adjusted  annually  in  your  area.      Table  1-2 
lists  climatic  adjustment  factors  for  fifty  locations  around  the 
s^-ate.     These  adjustments  are  given  for  the  five  most  recent  fiscal 
years,    ^hereby  taking  into  account  the  variation  in  climate  due  to 
both  geographic  location  and  the  relative  severity  of  the  winters  in 
each  location   from  year  to  year. 

To  use  Table  1-2,   pick  the   location  nearest  your  own,    then  pick  the 
fiscal  year  for  which  you  have  consumption  data  and  find  the  adjust- 
ment factor  in  the   table.      Multiply  the  Standard  AEI's   in  Worksheet   3 
by  the  adjustment  factor  you  have   just   found  in  Table  1-2.      The 
following  example  demonstrates   the  entire  process  of  climatic 
adjustment. 
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TABLE  1-2 


CLIMATIC  ADJUSTMENT  FACTORS  FOR 
MASSACHUSETTS 


STATION 

1975/76 

1974/75 

1973/74 

1972/73 

1971/72 

Adams 

1.30 

1.32 

1.27 

1.28 

1.31 

Borden  Brook  Res. 

1.29 

1.36 

NA 

1.38 

1.37 

Chester 

1.27 

1.31 

1.21 

1.27 

1.35 

Cunningham  Hill 

1.31 

1.37 

1.34 

1.36 

1.37 

Great  Barrington 

1.29 

1.36 

1.28 

NA 

NA 

Hoosac  Tunnel 

NA 

NA 

NA 

1.30 

1.32 

Knightsville  Dam 

1.27 

1.30 

1.32 

1.27 

1.32 

Lanesboro 

1.39 

1.44 

NA 

1.42 

1.43  ! 

Stockbridge 

NA 

1.29 

1.25 

1.26 

1.32 

^Amherst 

1.09 

1.15 

1.13 

1.11 

1.15 

Barre  Falls  Oam 

1.32 

1.37 

1.34 

1.33 

1.38 

Bedford 

1.09 

1.12 

1.11 

1.13 

1.17 

Birch  Hill  Dam 

1.35 

1.40 

1.33 

1.34 

1.41 

Blue  Hill 

1.05 

1.12 

1.10 

1.11 

1.15 

Buffumville  Dam 

1.20 

1.27 

1.21 

1.20 

1.24 

Chestnut  Hill 

NA 

NA 

0.93 

NA 

1.10 

Clinton 

1.06 

1.20 

1.22 

1.19 

1.24 

Dracut 

1.17 

1.22 

1.22 

1.22 

1.22 

Dunstable 

1.14 

1.19 

1.15 

1.19 

1.21 

East  Brimfield  Dam 

1.18 

1.23 

1.20 

1.18 

1.25 

Pitchburg 

NA 

1.16 

1.14 

1.16 

1.19 

Framingham 

1.03 

NA 

1.06 

NA 

NA 

Haverhill 

1.01 

1.05 

1.02 

1.07 

1.09 

Lawrence 

1.06 

1.11 

1.10 

1.10 

1.13 

Reading 

1.10 

1.16 

1.13 

1.14 

1.18 

Shelburn  Falls 

1.25 

1.27 

1.24 

1.27 

1.31 

-Springfield 

1.00 

1.06 

1.02 

1.04 

1.09 

Tally  Dam 

1.30 

1.34 

1.28 

1.31 

1.34 

Turner  Falls 

1.14 

1.18 

1.15 

1.16 

1.21 

Walpole 

1.03 

1.10 

1.06 

NA 

NA 

West  Medway 

1.13 

1.18 

1.14 

1.13 

1.18 

Worcester 

1.18 

1.23 

1.19 

1.23 

1.23 

Boston 

0.87 

0.98 

0.96 

1.00 

0.98 

Brockton 

1.03 

1.11 

1.07 

1.05 

1.12 

South  We 1 If lee t 

0.94 

1.02 

NA, 

1.00 

1.03  \ 

Chatham 

0.97 

1.03 

1.01 

NA 

NA 

East  Wareham 

1.06 

1.07 

1.07 

1.05 

1.09 

Edgar town 

0.94 

1.00 

1.00 

0.99 

1.02 

Fall  River 

NA 

1.02 

0.99 

1.00 

1.03 

Hingham 

1.00 

1.07 

1.02 

1.04 

1.08 

Middleton 

1.01 

1.08 

1.05 

1.07 

1.10 

Nantucket 

0.94 

1.03 

1.10 

1.09 

1.01 

New  Bedford 

NA 

0.80 

NA 

0.86 

0.91 

Peabody 

1.04 

1.10 

1.07 

1.11 

1.13 

Plymouth 

1.05 

1.14 

1.10 

1.08 

1.14 

Pr o vine et own 

NA 

1.02 

1.01 

NA 

NA 

Rochester 

1.05 

1.09 

1.11 

1.10 

1.13 

Rockport 

1.02 

1.09 

1.06 

1.08 

1.11 

Taunton 

1.06 

1.14 

1.12 

1.10 

1.14  , 
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Example  1-2:      How  to  Adjust  Standard  AEI's  for  Local   Climates 

Assume  Standard  AEI's  are  to  be  adjusted  for  the  climate  of 
Lowell,  MA  during  the  74/75  fiscal  year. 

Step  1:   Locate  Lowell  in  Table  1-2.   (Since  no  value  is  given 
for  Lowell,  take  the  value  for  Lawrence  which  is 
nearby . ) 

Step  2:   Under  the  year  of  fiscal  74/75  in  Table  1-2,  the 
adjustment  factor  1.11  is  found. 

Step  3:   Using  the  space  provided  in  Worksheet  3,  multiply  each 
Base  Standard  AEI  by  1.11  to  find  the  adjusted  Standard 
AEI  for  Lowell. 


Climatic  Adjustments  for  Future  Years 

Table  1-2  contains  climatic  adjustment  factors  for  the  fiscal  years  up 
to  and  including  1975-76.   Since  it  will  be  necessary  to  have  updated 
climatic  adjustment  factors  each  year,  two  methods  are  provided  to 
enable  local  personnel  to  determine  these  factors  for  themselves. 

•  METHOD  1:      Averaging 

Although  the  climate  varies  somewhat  from  year  to  year  in  a 
given  location,  it  is  possible  to  base  future  local  standards 
on  an  average  of  the  five  factors  shown  in  Table  1-2.   This  is 
not  the  most  accurate  method,  but  it  is  sufficient  to  use  in 
formulating  base-year  standards. 

Example: 

For  Clinton,  the  average  climatic  factor  from  Table  1-2 
would  be  calculated  as  follows: 

Average  Climatic  =  1.06  +  1.20  +  1.22  +  1.19+1.24  _ 
Adjustment  Factor  5 

•  METHOD  2:     Accurate  Calculation 

The  true  value  of  climatic  adjustment  factors  for  future  years 
can  be  easily  calculated  from  published  weather  data.  Weather 
data  for  New  England  is  published  each  month  by  the  National 
Oceanographic  and  Atmospheric  Administration  (NOAA) .   In  each 
year's  July  publication,  the  reader  will  find  a  table  of 
"Monthly  and  Seasonal  Heating  Degree  Days"  for  locations  in 
Massachusetts.   The  total  heating  degree  days  of  each  location 
in  this  table  forms  the  basis  of  the  climatic  adjustment  factor. 

The  new  factor  is  determined  by  dividing  the  total  local  heating 
degree  days  by  5621. 
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SAMPLE.. WORKSHEET  3 


BUILDING  TYPE 


BASE  AEI       CLIMATIC   LOCAL  AEI 
STANDARD*      ADJUSTMENT  STANDARD 
(MBTU'S/SQ.FT.)  FACTOR**   (MBTU'S/SQ.FT.) 


SCHOOLS  BUILT  BEFORE  1945 

SCHOOLS  BUILT  AFTER  1945 

FIRE  STATIONS 

TOWN  HALLS  (OFFICES) 

LIBRARIES 

POLICE  STATIONS 

DPW  GARAGES 


105 

X 
X 
X 
X 
X 
X 
X 

/.// 

120 

hl\ 

155 

i-tl 

115 

l.tl 

110 

/<// 

105 

/'// 

105 

/<// 

J4- 


J3S 


1?Q 


JZX 


/Z2. 


in. 


m- 


*BASE  STANDARDS  ARE  BASED  UPON  AN  ANNUAL  HEATING  SEASON  OF  5621  DEGREE 
DAYS  (BOSTON'S  30  YEAR  NORMAL) 


•• 


CLIMATIC  ADJUSTMENT  FACTORS  FOR  FIFTY  LOCATIONS  IN  MASSACHUSETTS  ARE 
GIVEN  IN  TABLE  Jfc. 


SAMPLE  WORKSHEET  4 


POTENTIAL  ENERGY  SAVINGS 


«,  rt£NTER  ACTUAL  AEI  pROM  WORKSHEET  2  AND  STANDARD  AEI  FROM  WORKSHEET  3 


2.   COMPUTE  THE  ENERGY  SAVINGS  FACTOR. 


3S" 


(Actual  AEI  —  Standard  AEI)     -*-  Actual  AEI     -      Energy  Savings  Factor 

3.  ENTER  THE  TOTAL  ANNUAL  ENERGY  COST  FROM  WORKSHEET  1  BELOW. 

4.  COMPUTE  THE   POTENTIAL  ANNUAL   SAVINGS. 


ts/,42?' 


(Annual  Energy  Coat)  X  (Energy-Savings  Factor)         Potential  Annual  Savings 
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Example : 

In  the  July  1978  publication  of  Climatological   Data  for 
New  England,    the  total  heating  degree  days  for  Clinton,  MA 
might  be  listed  as  6500. 

The  1977/78  climatic  adjustment  factor  for  Clinton  would 
be: 

77/78  Climatic    6500 
Adjustment  Factor    5621 

To  obtain  this  information  from  NOAA,  send  orders  for  the  July 
issue  of  Climatological   Data   for  New  England   to: 

National  Climatic  Center 
Federal  Building 
Asheville,  NC  28801 

Attention:   Publications 

The  current  price  of  the  July  issue  is  35C. 

Step  IV:   Determine  Potential  Energy  Savings 

Once  actual  and  locally  adjusted  Standard  AEI's  are  known,  it  is 
possible  to  determine  the  potential  energy  savings  in  a  building  as  a 
percentage  of  its  current  annual  consumption.   Use  copies  of  Worksheet 
4  to  calculate  the  potential  energy  savings  in  each  municipal 
building. 

Example  1-3: 

Assume  that  the  school  used  in  Example  1-1  is  located  in  Lowell, 
Using  the  local  Standard  AEI's  for  74/75  from  Example  1-2, 
calculate  the  potential  annual  savings  for  the  school. 

Data  from  Worksheets: 

Actual  AEI  202.6  (from  Worksheet  2) 

Standard  AEI  133    (from  Worksheet  3) 

Annual  Energy  Cost    $  31,800    (from  Worksheet  1) 

Result:   Potential  Annual  Savings  =  $11,027.00  (see  Sample 
Worksheet  4) . 

When  the  potential  savings  for  each  municipal  building  are  known, 
departmental  and  municipal  potentials  can  be  evaluated  using  Worksheet 
5.   In  ensuing  years,  these  potentials  should  shrink  as  actual  energy 
consumption  is  reduced  to  or  below  the  local  consumption  standards. 
This  would  indicate  a  successfully  conducted  energy  management 
program. 
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WORKSHEET   1 
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WORKSHEET   2 


ANNUAL  EFFICIENCY  INDEX  (AEI)  WORKSHEET 


1.  FILL  IN  THE  TOTAL  QUANTIES  OF  FUEL  IN  THE  APPROPRIATE  SQUARES 
ON  THE  WORK  SHEET. 

2.  MULTIPLY  THE  TOTAL  KWH  OF  ELECTRICITY  CONSUMED  TIMES  

THE  CONVERSION  FACTOR:     ;   x  11.38  » 

total  KVH 

3.  MULTIPLY  THE  TOTAL  GALLONS  OF  #2  OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR:  X  139.00  ■ 

total  ciatlone 

<».  MULTIPLY  THE  TOTAL  GALLONS  OF  #4  OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR:  .  x  150.00  - 

total  gallon* 

5.  MULTIPLY  THE  TOTAL  GALLONS  OF  #5  OIL  CONSUMED  TIMES 

THE  CONVERSION  FACTOR!  ,    x  152.00  ■ 

total  gallons 

6.  MULTIPLY  THE  TOTAL  GALLONS  OF  #b  OIL  CONSUMED  TIMES 
THE  CONVERSION  FACTOR:  x  153.00  ■ 

total  gallon*  7 

7.  MULTIPLY  THE  TOTAL  CCF  OF  NATURAL  GAS  CONSUMED  TIMES  , 


THE  CONVERSION  FACTOR: 


total  CCF 


x  103.10 


8.    ADD  up  these  MBTU's  to  get  the  total  building 

ENERGY  CONSUMPTION:  TOTAL  SMSRGJ 


9.   ENTER  THE  TOTAL  ENCLOSED  AR£A  OF  THE  BUILDING 
HERE: 


AREA 


10.   DIVIDE  THE   TOTAL  ETC3W7  (LINE  8)     BY  THE    AREA    (LINE  9) 
TO  GET  THE  BUILDING  AEI:  AS! 


MBTU's 
MBTU's 
MBTU's 
MBTU's 
MBTU's 
MBTU's 

MBTU's 

SQ.  FT. 

MBTU's/ 
SQ.  FT. 
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WORKSHEET  3 


BUILDING  TYPE 


BASE  AEI       CLIMATIC   LOCAL  AEI 
STANDARD*      ADJUSTMENT  STANDARD 
(MBTU'S /SQ.FT.)  FACTOR**   (MBTU'S /SQ.FT.) 


SCHOOLS  BUILT  BEFORE  1945 

SCHOOLS  BUILT  AFTER  1945 

FIRE  STATIONS 

TOWN  HALLS  (OFFICES) 

LIBRARIES 

POLICE  STATIONS 

©PW  GARAGES 


105 

X 

120 

M 

135 

X 

115 

X 

110 

x| 1 

105 

X 

105 

XI       f 

*BASE  STANDARDS  ARE  BASED  UPON  AN  ANNUAL  HEATING  SEASON  OF  5621  DEGREE 
DAYS  (BOSTON'S  30  YEAR  NORMAL) 

'•CLIMATIC  ADJUSTMENT  FACTORS  FOR  FIFTY  LOCATIONS  IN  MASSACHUSETTS  ARE 
GIVEN  IN  TABLE  3. 
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WORKSHEET  4 


POTENTIAL  ENERGY  SAVINGS 


1.  ENTER  actual  AEI  from  worksheet  2  and  standard  AEI  from  worksheet  3 

BELOW. 


2.  COMPUTE  the  energy  savings  factor. 


(Actual  AEI  —  Standard  AEI)      -4-   Actual  AEI      ■       Energy  Savings  Factor 
3.      ENTER   THE   TOTAL  ANNUAL  ENERGY  COST   FROM  WORKSHEET   1  BELOW. 
1.      COMPUTE  THE   POTENTIAL  ANNUAL  SAVINGS. 


)  x  r- 


> 


(Annual  Energy  Coat)  X  (Energy-Savings  Factor)         Potential  Annual  Savings 


48 


WORKSHEET    5 
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GENERAL  PRINCIPLES  AND  THE  MOST  EFFECTIVE  PRACTICES 
FOR  SAVING  ENERGY  IN  MUNICIPAL  BUILDINGS 


A  building  audit  or  evaluation  of  the  energy  savings  potential  of  a 
given  building  is  likely  to  identify  a  large  number  of  possible 
measures  that  might  be  implemented.   Some  of  these  will  have  a 
relatively  greater  effect  than  others.   The  intent  of  this  section  is 
to  convey  to  supervisory  and  operating  personnel  who  may  not  have 
extensive  technical  training  a  conceptual  understanding  of  the  reasons 
selected  conservation  measures  were  found  to  be  particularly  effective 
in  municipal  buildings. 

To  meet  this  need,  this  section  begins  with  a  brief  illustrated 
discussion  of  the  basic  principles  of  how  energy  is  used  in  buildings. 
These  principles  provide  a  framework  for  discussing  eighteen  specific 
conservation  measures  that  are  particularly  appropriate  to  municipal 
buildings.   Each  measure  is  analyzed  in  terms  of  how  it  works  and  an 
estimate  of  the  relative  savings  and  costs  that  might  be  expected  is 
made.   To  provide  a  more  concrete  context  for  the  discussion/  examples 
of  the  application  of  measures  in  new  schools  and  old  schools  are 
used.  These  should  be  understood  as  examples  that  apply  to  two 
general  building  types,  older  brick  and  mortar  construction  and  newer 
mechanically  ventilated  buildings,  not  to  schools  alone. 

At  the  close  of  the  discussion,  these  measures  are  listed  by  the  type 
of  municipal  building  in  which  they  are  most  likely  to  be  effective. 


General  Principles  that  Determine  the  Demand  for  Heating  in 
Municipal  Buildings 

Transmission 

Whenever  a  difference  in  air  temperature  exists  between  a  building 
interior  and  the  outdoor  climate,  energy  is  transmitted  by  the 
materials  in  the  walls,  floor,  and  roof  from  the  warmer  to  the  colder 
environment  through  a  continuous  and  irreversible  process.   This 
process  is  referred  to  as  heat  transmission.   During  the  heating 
season,  when  the  interior  of  a  building  must  be  substantially  warmer 
than  the  cold  outdoor  air,  the  energy  transmitted  out  of  the  building 
must  be  replaced  by  heating  energy  supplied  by  the  consumption  of 
fossil  fuel  or  electrical  energy. 
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Infiltration 

Another  process  through  which  energy  loss  occurs  involves  the  intro- 
duction of  cold  outside  air  into  interior  space,  forcing  the  warm  air 
out  of  the  building  and  lowering  the  indoor  temperature.   The  effect 
of  this  process  is  similar  to  that  of  adding  ice  cubes  to  a  pan  of 
water  being  heated  to  a  boil.   The  cooling  effect  of  the  ice  lengthens 
the  boiling  process  and  consumes  much  more  energy  than  would  have  been 
required  to  boil  the  water  without  the  addition  of  ice  cubes. 

In  a  building,  cold  outside  air  is  introduced  to  the  interior  in  three 
ways: 

1.  Structural  Infiltration:   Air  seeps  through  unavoidable  cracks 
around  windows,  doors,  and  in  the  structure  of  the  building; 

2.  Opened  Doors  and  Windows:   Whenever  a  door  or  window  is  opened, 
a  large  volume  of  cold  air  flows  into  the  building;  and 

3.  Forced  Ventilation:   In  certain  types  of  buildings,  health 
codes  require  that  outdoor  air  be  introduced  into  the  interior 
at  a  fixed  rate.   In  these  buildings,  outdoor  air  is  drawn  in 
by  a  mechanical  ventilating  system  that  must  operate  whenever 
the  buildings  are  fully  occupied. 

System  Inefficiencies 

The  last  major  process  of  heat  loss  involves  the  combustion  of  fossil 
fuel  in  the  building  heating  system.   For  buildings  with  oil  or  gas 
heating  systems,  fossil  fuel  is  burned  in  the  presence  of  oxygen, 
releasing  heat  in  the  form  of  hot  gases.   These  gases  flow  through 
some  type  of  heat  exchanger,  which  captures  the  largest  portion  of  the 
heat  content  of  the  gases  for  circulation  within  the  building.   The 
residual  heat  in  the  gases  flows  up  a  stack  and  is  exhausted. 

The  combustion  gases  that  are  exhausted  have  temperatures  in  excess  of 
500  degrees,  and  between  a  quarter  and  a  third  of  the  energy  contained 
in  the  original  fuel  is  lost.   This  heat  loss  is  termed  the  stack 
loss.      At  peak  efficiency  (seasonal  efficiency) ,  a  gas  or  oil  burner 
can  only  deliver  approximately  75%  of  the  energy  contained  in  the  fuel 
to  the  building  in  the  form  of  usable  heat.   If  the  boilers  are  over- 
sized or  the  burners  are  improperly  adjusted,  the  actual  efficiency 
can  be  much  lower. 

In  an  all-electric  building,  the  heating  efficiency  can  be  as  high  as 
100%.   This  is  to  say  that  all  of  the  energy  delivered  to  the  building 
may  be  converted  to  usable  heat.  However,  the  generation  of  electri- 
city is  in  itself  subject  to  the  inefficiencies  of  fossil  fuel 
combustion.   Under  the  best  conditions,  three  barrels  of  oil  are 
required  to  generate  an  amount  of  electricity  which  has  an  energy 
value  equivalent  of  one  barrel  of  oil.   The  heat  content  from  two  of 
every  three  barrels  of  oil  is  lost  at  the  generating  plant. 

Since  the  price  of  electricity  reflects  the  costs  of  the  oil  consumed 
in  generation,  the  equivalent  "stack  losses"  of  an  all-electric 
building  exceed  65%  of  the  available  fossil  fuel  energy.   If  the 
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original  fossil  fuel  consumption  is  considered,  rather  than  the 
electricity  by-product,  an  all-electric  school  has  a  "combustion- 
efficiency"  of  35%  at  best.   This  compares  with  a  peak  seasonal 
combustion-efficiency  of  75%  for  a  gas  or  oil  heating  system. 

The  effects  of  heat  transmission,  infiltration/ventilation,  and 
combustion  stack  losses  are  additive  and,  when  combined,  represent 
most  of  the  total  heat  losses  of  a  building. 

Internal  Heat  Gains 

Aside  from  the  heat  supplied  by  the  combustion  of  fossil  fuels, 
buildings  gain  some  heat  from  other  sources.   The  occupants  of  a 
building  add  a  surprising  amount  of  heat  to  the  interior  space.   An 
inactive,  seated  adult  adds  450  BTU/hour  to  the  surrounding  environ- 
ment.  At  this  rate,  the  heat  supplied  by  222  seated  adults  in  an 
hour  is  equivalent  to  the  heat  that  would  be  supplied  by  1  gallon  of 
oil  at  70%  efficiency. 

In  schools  with  a  large  student  population,  the  demand  for  oil  during 
occupied  periods  is  significantly  reduced  by  the  heat  supplied  by  the 
occupants.   On  the  other  hand,  when  these  buildings  are  not  fully 
occupied  the  demands  upon  the  heating  system  are  greater. 

The  lights  and  electrical  equipment  in  a  building  also  contribute  heat 
to  the  interior  space,  since  all  of  the  electrical  energy  consumed  by 
these  devices  is  eventually  emitted  as  heat.   In  new  buildings,  the 
lighting  system  usually  consumes  in  the  range  of  2  to  4  watts/square 
foot.   This  translates  to  a  heat  gain  of  7  to  14  BTU's  per  square  foot 
per  hour,  which  in  a  60,000  square  foot  school  is  the  equivalent  to 
the  heat  supplied  from  4.2  to  8.4  gallons  of  oil  per  hour. 

The  third  important  source  of  heat  gain  is  the  sun.   During  a  sunny 
day,  solar  gains  may  reach  a  peak  equivalent  to  3.5  gallons  of  oil 
per  hour,  although  the  average  hourly  contribution  is  closer  to  one 
gallon  per  hour. 

The  magnitude  of  the  solar  gains  in  a  building  depends  upon  building 
orientation,  the  amount  of  window  area,  and  of  course  the  availability 
of  sunlight.   It  should  be  noted,  however,  that  in  the  evenings  heat 
loss  through  windows  is  substantial  and  may  in  fact  exceed  the  solar 
gains  made  during  the  day.   It  is  important  that  this  trade-off  be 
remembered,  especially  when  a  building  is  designed. 

The  Energy  Balance 

The  rate  at  which  energy  is  consumed  to  heat  a  building  is  governed 
directly  by  the  rate  of  energy  loss  from  the  building.   This  is  the 
concept  of  the  "energy  balance,"  which  may  be  expressed  simply  as 
follows: 

Heat  Required  =  Heat  Lost 

To  illustrate  the  concept,  Figures  II-1-II-4  indicate  schematically 
the  components  of  the  heat  loss  from  two  school  buildings  under  two 
different  outdoor  temperatures.   Figures  II-l  and  II-3  represent  a 
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FIGURE   II-l    1956  SCHOOL    AREA  -  3M0Q  SQUARE  FEET 


TEMPERATURE  OUTSIDE  0°f 
TEMPERATURE  INSIDE  70°F 


.77  STACK  LOSS 

5.08  FORCED  VENTILATION 


3.02  INTERNAL  GAINS 


15.9  OIL  DEMAND 


.78  FLOOR 


^   1.91  WINDOWS 


,W   INFILTRATION 


NUMBERS  REFER  TO  GALLONS  OF  OIL  PER  HOUR 


FIGURE  1 1-2        1892  SCHOOL    AREA  -  16,000  SQUARE  FEET 
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FIGURE    1 1 -3     1956  SCHOOL    AREA  -  3M00  SQUARE  FEET 
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FIGURE   IM     1892  SCHOOL    AREA  -  16,000  SQUARE  FEET 
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typical  post-1945  school  building  with  a  student  population  of  600, 
while  Figures  II-2  and  II-4  represent  a  typical  pre-1945  school  with 
180  students.   In  Figures  II-l  and  II-2,  the  heat  losses  from  each 
building  are  shown  for  an  indoor  temperature  of  70  degrees  and  an 
outdoor  temperature  of  0  degrees .   The  energy  loss  is  expressed  in 
terms  of  gallons  of  oil  per  hour. 

In  Figure  II-l  it  can  be  seen  that,  under  the  temperatures  shown,  8.68 
gallons  of  oil  per  hour  are  lost  by  heat  transmission  through  walls, 
windows,  roof,  and  floor,  5.48  gallons  per  hour  are  lost  through 
forced  ventilation  and  infiltration  of  outdoor  air,  and  4.77  gallons 
per  hour  are  lost  up  the  stack.   In  sum,  18.93  gallons  of  oil  are  lost 
per  hour  under  the  temperatures  shown. 

Offsetting  this  loss  are  the  3.02  gallons  per  hour  in  heat  released  by 
the  building  occupants  and  the  interior  lighting  and  the  15.91  gallons 
of  oil  actually  consumed  (solar  gains  are  not  included) . 

For  the  pre-1945  school  under  the  same  temperature  conditions  (Figure 
II-2) ,  3.58  gallons  per  hour  are  lost  through  transmission,  0.90 
gallons  per  hour  through  ventilation  and  infiltration,  and  1.45 
gallons  per  hour  are  lost  up  the  stack.   The  total  heat  lost  per  hour 
(5.93  gallons  of  oil)  is  offset  by  1.09  gallons  per  hour  in  internal 
gains  and  4.84  actual  gallons  of  oil. 

Since  the  buildings  in  the  example  are  based  on  the  typical  scale  of 
schools  evaluated  in  the  ECP  study,  the  building  in  Figure  II-2  has 
only  half  the  floor  area  of  the  more  modern  building  in  Figure  II-l. 
While  these  buildings  are  of  typical  size,  it  can  be  shown  that  a 
pre-1945  school  as  shown  in  Figure  II-2 ,  with  a  floor  area  equivalent 
to  that  of  the  modern  school,  would  require  5.21  gallons  of  actual  oil 
under  the  same  temperature  conditions. 

In  Figures  II- 3  and  II-4,  the  same  buildings  are  shown  under  a  milder 
outdoor  temperature  condition  (40  degrees) .   Notice  the  reduction  in 
the  demand  for  oil  for  each  building.   For  the  1956  school  (Figures 
II-l  and  II- 3) ,  only  5  gallons  per  hour  are  needed  when  the  outdoor 
temperature  is  40  degrees,  as  opposed  to  the  15.9  gallons  per  hour 
needed  at  0  degrees.   In  the  1892  school  (Figures  II-2  and  II-4) ,  the 
reduction  is  from  4.84  to  1.28  gallons  per  hour. 

Most  of  the  components  of  the  heat  loss  vary  directly  with  the 
difference  in  the  interior  and  exterior  temperatures  (called  At) .   In 
Figures  II-l  and  II-2  the  At  is  70  degrees  (70-0),  and  in  Figures 
II-3  and  II-4  the  At  is  30  degrees  (70-40).   The  internal  heat  gain 
does  not  vary  with  At,  but  depends  instead  upon  the  number  of 
occupants  and  the  power  consumed  for  lighting  and  equipment.   The 
transmission  losses  through  the  floor  also  remain  about  the  same 
because  the  temperature  of  the  earth  remains  fairly  constant  during 
the  heating  season. 

Effective  Measures  for  Conserving  Energy  in  Municipal  Buildings 

The  major  opportunities  for  significantly  reducing  the  energy  consump- 
tion of  municipal  buildings  depend  upon  procedures  that  reduce  the 
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rate  of  heat  loss  from  buildings  during  the  heating  season.   (Energy 
conservation  through  reduced  lighting  is  discussed  separately.)   More 
specifically,  any  measure  that  reduces  heat  transmission;  reduces 
ventilation  and  infiltration;  reduces  heating  system  inefficiencies; 
or  reduces  the  difference  in  indoor  and  outdoor  temperatures  will 
result  in  significant  energy  savings  without  sacrificing  the  comfort 
or  convenience  of  the  building's  occupants. 

It  should  be  remembered  that  a  particular  energy  conservation  measure 
will  have  varying  effects  in  different  types  of  buildings.   The  intent 
of  this  section  is  to  suggest  the  potential  savings  of  proven  measures 
for  the  types  of  building  where  they  are  likely  to  have  the  greatest 
impact.   Furthermore,  not  all  measures  have  an  additive  effect  on  the 
total  energy  consumption  of  a  building.   In  the  discussion  of  a 
measure,  the  savings  opportunities  described  are  for  that  one  measure 
alone.   The  total  savings  from  several  measures  may  be  less  than  the 
sum  of  each  when  considered  separately. 

Measures  that  Reduce  the  Difference  in  Indoor  and  Outdoor 
Temperatures 

The  magnitude  of  the  difference  between  the  air  temperature  inside  and 
outside  a  building  directly  affects  the  rate  of  fuel  consumption. 

A  comparison  between  Figures  II-l  and  II-3,  or  between  Figures  II-2  and 
II-4,  demonstrates  this  effect.   These  figures  show  that  by  reducing 
the  temperature  difference  from  70  to  30  degrees  the  hourly  energy 
consumption  is  reduced  by  two-thirds  in  one  building  and  by  three- 
quarters  in  the  other. 

While  this  example  concerns  a  change  in  outdoor  temperatures,  a  change 
of  the  same  magnitude  in  indoor  temperatures  would  have  the  same 
effect  on  the  consumption  of  oil. 

If  the  outdoor  temperature  is  a  constant  0  degrees  and  the  indoor 
temperature  is  lowered  40  degrees  (from  70  to  30  degrees) ,  the 
resulting  reduction  in  the  energy  demand  is  exactly  the  same  as  that 
shown  in  the  example.  While  30  degrees  is  not  a  practical  indoor 
temperature  setting — even  during  unoccupied  periods — a  more  modest 
reduction  is  practical.   A  temperature  set-back  to  55  degrees  during 
unoccupied  periods  would  save  4.1  gallons  of  oil  per  hour  in  the 
school  shown  in  Figure  II-l  (at  0  degrees  outside) . 

The  important  principle  to  remember  is  this:   It  is  not  the  indoor 
or  outdoor  temperature  alone  that  determines  the  rate  of  fuel 
consumption,  but  rather  the  difference  in  those  temperatures.   The 
greater  the  difference,  the  higher  the  rate  of  fuel  consumption. 

•  MEASURE  1:      Reduce   the  indoor   temperature   to  55  degrees  F 
during  unoccupied  periods    (night  and  weekend  set-back) . 

Guidelines  for  Implementing  the  Measure: 

Night  set-back  requires  that  either  an  assigned  person 
(the  building  operator)  or  an  automatic  timing  device  turn 
down  the  thermostats  every  afternoon  to  55  degrees  and 
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turn  them  back  up  early  in  the  morning.   The  actual  time 
of  day  for  altering  the  settings  will  depend  upon  the 
season  and  the  severity  of  the  weather  on  particular  days. 
The  operator  should  proceed  on  a  trial  and  error  basis  to 
determine  how  long  it  takes  for  the  building  to  heat  up  in 
the  morning  and  cool  off  in  the  afternoon. 

Once  a  "feel"  for  these  time  lags  is  established,  the 
operator  should  aim  to  have  the  building  reach  68  degrees 
about  30  minutes  after  the  occupants  arrive  and  should 
probably  set  back  the  temperature  30  minutes  to  an  hour 
prior  to  the  closing  of  the  building. 

In  newer  buildings  (particularly  schools) ,  time  clocks  are 
often  provided  that  automatically  control  night  set-back. 
The  operators  only  have  to  choose  the  proper  settings  for 
set-back  to  occur. 

Potential  Annual  Savings: 

The  level  of  savings  depends  upon  the  building  construc- 
tion, the  number  of  degrees  that  thermostats  are  set  back, 
and  the  number  of  hours  that  set-back  is  maintained. 
However,  savings  of  35  to  50%  of  the  annual  heating  energy 
are  possible  in  some  buildings. 

Implementation  Cost 

» 

In  most  cases,  this  measure  has  no  implementation  cost. 


•  MEASURE  2:      Reduce  indoor   temperature  during  occupied  periods   to 
65°   F  during   the  heating  season. 

Guidelines  for  Implementation: 

An  indoor  temperature  of  65°  F  is  adequate  for  the 
physical  comfort  of  most  people.   Others  will  find  it 
necessary  to  dress  more  warmly. 

For  this  measure  to  succeed,  thermostatic  temperatures 
must  be  monitored  carefully  to  ensure  that  a  setting  of 
65°  F  is  maintained. 

Potential  Annual  Savings : 

Assuming  an  original  thermostat  setting  of  70°  F,  a  reduc- 
tion to  65°  F  will  reduce  the  annual  fuel  consumption  for 
heating  by  approximately  4%. 

Implementation  Cost: 

None. 

•  MEASURE  3:     Install  adequate   thermostatic  controls  on  heating 
systems. 

Guidelines  for  Implementation: 

Some  of  the  older  municipal  buildings  waste  energy  because 
they  lack  adequate  controls  for  the  heating  system.  Often 
a  town  hall  or  old  school  will  have  only  one  thermostat 
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per   floor,    resulting  in   an  over-   or  under-supply  of  heating 
in  rooms   that  are  more  removed  from  the   location  of  the 
thermostat.      Although  one  might  postulate   that  these 
extremes   tend  to  cancel  each  other  so  that  the   total 
energy  consumption  is   unchanged,    this   is   rarely   the  case. 

In  fact,  the  thermostats  are  more  likely  to  be  set  high 
enough  to  keep  the  cold  rooms  comfortable.   "Then,  as  the 
overheated  rooms  become  even  hotter,  the  occupants  often 
open  windows  to  balance  the  excessive  heating.   Thus  heat 
energy  is  literally  pumped  out  of  the  open  windows. 
Buildings  should  be  equipped  with  additional  thermostats 
whenever  the  existing  controls  are  unable  to  maintain 
near- constant  temperatures  throughout  the  heating  zones 
they  are  designed  to  monitor.   At  a  minimum,  every  floor 
should  have  a  separate  thermostat;  ideally,  every  room 
should  have  a  thermostat. 

Potential  Savings: 

Cost/benefit  studies  of  this  measure  were  conducted  by 
R.  G.  Vanderweil  Engineers,  Inc.  in  two  older  schools  in 
the  ECP  Demonstration  (Studies  1  and  2) .   These  studies 
show  that  the  potential  savings  depend  upon  the  number  of 
rooms  that  are  normally  overheated  and  the  number  of 
degrees  the  temperature  is  maintained  in  excess  of  the 
thermostatic  setting.   The  higher  At's  in  these  areas 
result  in  higher  rates  of  heat  loss  to  the  outside. 
Savings  of  14%  are  possible  in  some  buildings. 

Implementation  Cost: 

The  cost  of  this  measure  includes  the  installation  of 
thermostats  and  additional  valves  in  the  heating  system. 
In  the  ECP  Demonstration  studies,  these  costs  were 
returned  in  energy  savings  within  1-3  years. 

Measures  that  Reduce  Heating  System  Inefficiencies 

The  production  of  usable  heat  for  buildings  from  the  combustion  of  a 
fossil  fuel  is  subject  to  substantial  losses  in  efficiency.   On  an 
annual  basis,  the  usable  heat  produced  by  a  heating  system  is  at  most 
around  75%  of  the  total  heat  value  of  the  fuel  that  is  consumed. 

A  properly  adjusted  boiler  operates  most  efficiently  when  the  total 
hourly  heat  loss  of  the  building  is  near  the  maximum  output  of  the 
system.   This  condition  is  referred  to  as  the  "full  load"  of  the 
burner-boiler.   At  full  load,  the  heating  system  can  convert  up  to 
90%  of  the  energy  of  the  fuel  into  usable  heat.   However,  full  loading 
only  occurs  during  2%  of  the  heating  season. 

When  the  demands  on  the  heating  system  are  significantly  less  than  its 
capacity,  the  system  operates  more  and  more  sporadically,  and  as  a 
result  its  efficiency  falls.   During  90%  of  the  heating  season  the 
typical  burner-boiler  operates  less  than  14  hours  a  day  and  utilizes 
as  little  as  65%  of  tne  available  energy  in  the  fuel.   Of  course,  if 
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the  burners  are  improperly  adjusted  and  maintained — as  they  are  in 
many  cases — even  greater  amounts  of  energy  are  wasted. 

•  MEASURE  4:      Measure   the  burner-boiler  efficiency  and  adjust   to 
achieve  maximum  efficiency. 

Guidelines  for  Implementation: 

It  is  a  relatively  simple  process  to  measure  the  instan- 
taneous burner-boiler  efficiency.   Generally,  the  oil 
supplier  will  make  the  measurements  and  the  necessary 
adjustment,  although  local  personnel  can  be  trained  to 
perform  these  tasks .   Measurements  should  be  made  at  least 
once  per  year  in  each  building. 

Potential  Annual  Savings : 

Any  improvement  in  the  seasonal  efficiency  of  a  heat 
system  will  result  in  a  proportionate  reduction  in  energy 
consumption.   A  7%  improvement  in  seasonal  efficiency  will 
save  at  least  7%  in  annual  fuel  consumption. 

Implementation  Cost: 

Oil  suppliers  generally  provide  this  service  at  no  cost. 
If  not,  the  cost  should  be  less  than  $50  per  building. 

•  MEASURE  5:      For  buildings   used  in   the  summer ,   install  a  separate 
domestic  hot  water  heater. 

Guidelines  for  Implementation: 

In  a  number  of  fire  stations  and  in  a  few  schools  in 
Massachusetts,  it  is  not  uncommon  to  find  the  heating 
system  operating  during  the  summer  months  to  provide 
domestic  hot  water.   The  demand  for  domestic  hot  water  is 
fairly  constant  year-round  (in  buildings  with  year-round 
occupancy) ,  but  is  only  a  small  proportion  of  the  full 
output  of  the  heating  system  in  the  summer.   Because  the 
heating  system  must  supply  only  a  fraction  of  its  maximum 
output,  its  efficiency  is  quite  low.   A  separate  small 
domestic  hot  water  heater  should  be  installed  and  the 
larger  heating  system  should  be  completely  shut  down 
during  the  summer. 

Potential  Savings: 

The  potential  savings  in  a  typical  fire  station  for  this 
measure  were  estimated  at  $96/year  by  R.  G.  Vanderweil 
Engineers,  Inc.   (Refer  to  Study  3.) 

Implementation  Cost: 

The  cost  of  a  separate  hot  water  heater  in  the  same  fire 
station  was  estimated  at  $240,  leading  to  a  payback  period 
of  2.5  years. 

•  MEASURE  6:      Improve  heating  system  efficiency  by  heat  recovery 
from  the  boiler  stack. 
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Guidelines  for  Implementation: 

Even  when  the  boiler-burner  of  a  building  heating  system 
is  adjusted  to  peak  efficiency,  at  least  25%  of  the 
heating  value  of  the  fuel  consumed  annually  is  lost  up  the 
stack.   Some  of  this  waste  heat  can  be  saved  through  the 
use  of  a  heat  recovery  device.   R. G.  Vanderweil  Engineers, 
Inc.  studied  two  applications  of  a  system  for  heat 
recovery  from  boiler  stacks  in  ECM  Demonstration  municipa- 
lities. 

These  applications  involved  the  use  of  a  piping  system 
running  between  the  inside  of  the  boiler  stack  and  the 
water  tank  portion  of  the  boiler.  Water  is  circulated 
through  this  piping  and  is  heated  by  the  exhausted  flue 
gases.  .  This  hot  water  transfers  heat  to  the  boiler  water, 
preheating  it  so  that  less  energy  is  required  from  the 
burning  of  fuel  to  maintain  the  required  boiler  water 
temperature. 

Potential  Annual  Savings : 

The  estimated  savings  from  this  type  of  heat  recovery 
system  for  two  Massachusetts  schools  are  detailed  by 
Vanderweil  Engineers  in  cost/benefit  studies  (Studies  4 
and  5).   Generally,  annual  savings  of  8-9%  of  the  heating 
energy  can  be  expected  in  many  buildings. 

Implementation  Costs: 

*s  The  costs  of  these  systems  vary  with  each  building,  since 

they  must  be  tailored  to  fit  into  existing  heating 
systems.   The  costs  in  the  two  demonstration  applications 
are  analyzed  in  the  studies. 

•  MEASURE   7:      Improve  heating  system  efficiency  by  heat  recovery 
from  exhausted  air. 

Guidelines  for  Implementation: 

In  many  buildings  or  sections  of  buildings  (especially  new 
schools) ,  a  substantial  amount  of  heat  is  exhausted  from 
the  building  by  the  ventilation  system.   Under  certain 
conditions,  part  of  this  heat  can  be  saved  by  a  heat 
recovery  device  called  a  "thermal  wheel."   The  thermal 
wheel  rotates  slowly  through  an  exhaust  duct  and  an 
adjacent  supply  duct.   The  wheel  allows  each  air  stream  to 
flow  through  its  surface  much  like  a  breeze  passes  through 
a  screen.   The  wheel  is  warmed  by  the  exhaust  air  stream 
and,  as  it  rotates,  it  transfers  heat  into  the  cold  incom- 
ing supply  air.   Since  the  supply  air  is  warmed  several 
degrees  by  the  thermal  wheel,  less  energy  is  needed  to 
heat  it  up  to  room  temperature. 

The  feasibility  of  a  thermal  wheel  is  governed  by  the 
ventilation  rate  and  the  layout  of  the  supply  and  exhaust 
air  ducts  in  the  building.   One  area  that  is  often  parti- 
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cularly  suited  for  a  thermal  wheel  is  an  indoor  swimming 
pool,  where  the  ventilation  rate  and  the  indoor  air 
temperature  are  usually  quite  high.   This  particular 
application  was  studied  by  R.  G.  Vanderweil  for  the  indoor 
pool  of  a  high  school  in  one  of  the  demonstration  munici- 
palities . 

Potential  Savings: 

Generally,  where  the  installation  of  thermal  wheels  is 
practical,  60%  to  80%  of  the  heat  in  the  exhaust  air  can 
be  recovered  by  the  wheel.   See  the  Vanderweil  study 
(Study  6)  for  a  specific  example. 

Implementation  Cost: 

The  costs  of  a  thermal  wheel  installation  depends  upon  the 
ventilation  rate  and  the  amount  of  ductwork  alteration 
that  is  required.   Excluding  ductwork  modifications, 
thermal  wheels  cost  between  $700  and  $1,000  per  thousand 
CFM  (cubic  feet  per  minute)  of  ventilation.   (See  the 
cost/benefit  study  for  an  analysis  of  a  typical  installa- 
tion . ) 

MEASURE  8:      Improve  heating  system  efficiency  by  proper  control 
of  multiple  boilers. 


Guidelines  for  Implementation: 


Many  buildings  have  two  or  more  boilers  in  their  heating**' 
systems.   Systems  with  two  boilers  are  generally  designed 
so  that  each  boiler  is  sized  to  carry  66%  of  the 
building's  peak  heating  demand.   These  peak  demands  occur 
only  on  a  few  days  each  year,  while  during  90%  of  the 
heating  season  the  actual  demand  for  heat  in  a  building 
is  less  than  60%  of  the  peak.   In  other  words,  either  one 
of  the  two  boilers  could  carry  the  entire  heating  load  of 
the  building  during  90%  of  the  heating  season. 

A  two-boiler  heating  system  will  operate  most  efficiently 
if  only  one  boiler  is  used  to  supply  the  heating,  except 
on  the  few  days  when  both  boilers  are  needed.   The  second 
boiler  should  be  held  on  stand-by  and  secured  by  closing 
valves  and  dampers. 

Potential  Savings : 

This  measure  was  the  subject  of  a  cost/benefit  study 
during  the  ECP  Demonstration.   In  this  study  the  change- 
over from  a  combined  two-boiler  system  to  a  single  boiler 
with  stand-by  showed  an  annual  savings  of  5%  of  the 
heating  cost  (see  Study  7) . 

Implementation  Cost: 

The  cost  of  this  measure  consists  of  control  modifications 
and  possibly  some  replumbing.   In  the  ECP  Demonstration, 
this  measure  had  a  rapid  payback  period  of  less  than  2 
years . 
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Measures  that  Reduce  Heat  Loss  from  Ventilation  and  Infiltration 

If  a  building  could  be  sealed  air-tight  except  for  the  quantity  of  air 
needed  to  allow  for  the  combustion  of  its  heating  fuel,  heat  would  be 
lost  from  the  building  primarily  by  transmission  through  the  exterior 
surfaces  and  directly  up  the  stack  due  to  combustion  inefficiency. 
The  buildings  in  Figure  II- 1  and  II-2  would  have  reductions  in  the 
demand  for  oil  of  75%  and  33%  respectively  if  they  were  sealed  in  such 
a  manner. 

It  is  neither  possible  nor  desirable,  however,  to  have  air-tight 
buildings .   Some  fresh  outdoor  air  is  needed  to  limit  odors  and  to 
remove  the  excess  moisture  that  accumulates  in  the  indoor  air. 

Whenever  there  is  wind,  however  slight,  the  air  tends  to  "pile-up"  on 
the  windward  side  of  the  building,  creating  a  slight  positive  pressure 
on  that  side.   On  the  leeward  side,  the  flow  of  air  causes  a  negative 
pressure. 

These  opposing  pressures  create  a  slight  suction  which  draws  the  warm 
indoor  air  out  and  pulls  cold  outdoor  air  in  to  replace  it  through 
each  tiny  crack  around  windows  and  doors.   At  higher  wind  speeds,  the 
suction  increases  and  a  larger  volume  of  cold  air  is  drawn  into  the 
building. 

Infiltration  is  a  particular  problem  in  fire  stations  and  DPW  garages . 
The  overhead  doors  that  are  common  in  these  buildings  are  especially 
leaky  and  allow  a  high  rate  of  infiltration.   When  these  doors  are 
opened  to  allow  the  passage  of  apparatus  and  equipment,  a  tremendous 
volume  of  cold  air  is  introduced  into  the  building.   In  fact,  the  rate 
of  heat  loss  through  the  open  garage  doors  may  exceed  the  maximum 
output  of  the  heating  system.   If  these  doors  remain  open  for  more 
than  a  few  moments,  the  building  will  begin  to  waste  100%  of  its 
heating. 

While  the  infiltration  process  provides  more  than  adequate  ventilation 
for  many  buildings,  in  other  buildings,  notably  schools,  additional 
ventilation  is  provided  by  a  mechanical  system.   Duplicating  natural 
processes,  these  systems  consume  electrical  energy  to  create  a  much 
greater  suction  for  drawing  in  cold  outside  air  at  fixed  rates. 

It  is  worth  remembering  that,  even  though  these  ventilation  rates  are 
fixed,  the  amounts  of  energy  consumed  to  heat  the  outdoor  air  supplied 
at  these  rates  is  not.   Recalling  the  new  school  in  Figure  II-l  and 
II-3,  at  40  degrees  outside,  2.18  gallons  of  oil  per  hour  are  required 
to  heat  the  outdoor  air  introduced  by  the  ventilating  system.   At  0 
degrees  outside,  even  though  the  ventilation  rate  is  unchanged,  5.08 
gallons  of  oil  per  hour  are  needed  to  keep  up  with  the  colder  air 
being  supplied. 

•     MEASURE  9:      Shut  down  ventilation  systems   during  unoccupied 
periods. 

Guidelines  for  Implementation: 

Whenever  a  building  with  mechanical  ventilation  is  unoccu- 
pied— overnight  or  on  weekends — the  ventilation  system 
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should  be  completely  shut  down.   Often  the  ventilation 
system  is  controlled  by  the  time  clock  that  regulates 
night  set-back.   Ideally  the  ventilation  system  should 
have  separate  or  over-ride  controls  so  that,  for  example, 
the  temperature  can  be  maintained  during  custodial  hours 
without  ventilating  the  empty  building. 

Potential  Savings : 

If  the  ventilation  system  of  a  typical  modern  school  is 
allowed  to  run  uninterrupted  24  hours  a  day,  seven  days 
a  week,  the  annual  energy  bill  will  be  30%  higher  than 
if  the  system  were  shut  down  during  those  unoccupied 
periods. 

Implementation  Cost: 

In  most  buildings,  this  measure  will  have  no  associated 
implementation  costs.   In  others,  minor  revisions  in  the 
control  system  may  have  some  cost. 

•  MEASURE  10:     Reduce  Ventilation  Rates  During  Occupied  Periods. 

Guidelines  for  Implementation: 

Many  schools  built  since  1945  have  mechanical  ventilation 
systems  that  are  set  to  provide  fresh  air  at  a  rate 
substantially  higher  than  the  10  cfm/student  now  required. 
Unit  ventilators — a  commonly  used  system  for  schools — are 
relatively  easy  to  inspect  and  adjust,  requiring  approxi- 
mately one  man-hour  per  unit. 

If  night  set-back  is  to  be  used,  ventilators  should  be 
completely  closed  to  outdoor  air  during  the  pre-heating  of 
the  building,  then  opened  to  the  normal  setting. 

Potential  Savings: 

Analyses  of  three  schools  in  the  ECP  Demonstration  by  the 
consulting  engineering  staff  show  that  the  annual  savings 
from  reducing  ventilation  rates  to  10  cfm/student  are 
between  3.7  and  5.2%  of  the  total  fuel  consumption  (see 
Studies  8,  9,  and  10). 

Implementation  Cost: 

Costs  are  limited  to  labor  required  to  adjust  each  unit 
vent.  The  consulting  engineering  staff  estimated  costs  at 
$20  per  unit  vent  or  from  $400  to  $800  for  an  entire 
school.   It  is  noted  in  the  analyses  that  the  total  cost 
of  adjusting  the  unit  vents  in  each  school  is  recovered  in 
energy  savings  within  2  years. 

•  MEASURE  11:     Keep  overhead  doors  closed  in  fire  stations  and 
DPW  garages. 

Guidelines  for  Implementation: 

In  fire  stations,  overhead  doors  should  be  closed  immedi- 
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ately  after  the  apparatus  leaves  the  station.   If  no  one 
remains  in  the  station  during  a  response  to  an  alarm, 
then  automatic  or  radio-controlled  door  closers  should 
be  installed  and  used. 

In  maintenance  facilities,  overhead  doors  must  be  opened 
and  closed  quite  often  to  move  equipment  in  and  out. 
When  these  doors  are  not  closed  promptly  or  at  all,  the 
heating  system  pumps  most  of  its  output  directly  to  the 
outdoors.   In  the  spring  and  fall  when  outdoor  tempera- 
tures are  above  45  degrees,  the  doors  may  remain  open  all 
day,  necessitating  the  continuous  operation  of  the  heating 
system.   With  the  doors  open,  heat  is  simply  pumped  out  of 
the  building. 

To  prevent  this  waste  of  energy,  switches  may  be  installed 
to  shut  down  the  heating  system  whenever  the  garage  doors 
are  open.   If  the  doors  are  only  opened  briefly,  the 
switches  will  have  little  if  any  noticeable  effect.   If 
the  doors  are  left  open,  the  switches  will  prevent  the 
needless  operation  of  the  heating  system. 

Potential  Savings: 

Studies  by  R.  G.  Vanderweil  Engineers,  Inc.  found  that 
automatic  door-closers  in  a  typical  fire  station  could 
save  25%  of  the  annual  heating  cost,  while  garage  door 
switches  for  the  heating  system  of  a  DPW  garage  would 
save  10%  (see  Studies  11  and  12) . 

Implementation  Cost: 

Both  studies  showed  payback  periods  of  less  than  two 
years. 

Measures  that  Reduce  Heat  Transmission 

In  schools  and  office  buildings,  50  to  70%  of  the  hourly  heat  loss  can 
be  attributed  to  heat  transmission  through  windows,  walls,  floors,  and 
roof.   The  magnitude  of  transmission  losses  in  an  existing  building 
cannot  be  altered  significantly  except  by  installing  some  type  of 
insulating  material  in  the  structure.   Although  insulation  requires  a 
significant  capital  investment,  the  resulting  energy  savings  will 
often  pay  for  the  investment  after  several  winters. 

The  hourly  and  annual  transmission  losses  from  two  typical  school 
buildings  are  shown  in  Table  II-l,  expressed  in  gallons  of  heating 
oil.   In  the  table,  the  transmission  losses  from  a  modern  school  are 
compared  with  those  of  a  pre- 1945  facility  and  each  are  broken  down 
to  the  major  components  of  the  building's  structure. 

If  the  roof  and  walls  of  these  two  schools  were  adequately  insulated 
for  the  climate  in  Massachusetts  and  storm  windows  were  added  to  all 
windows,  the  hourly  and  annual  heat  losses  due  to  transmission  would 
be  drastically  reduced,  as  shown  in  Table  II-2. 

Insulation  and  storm  windows  would  reduce  heat  transmission  by  50% 
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TABLE  II-l 


TRANSMISSION  HEAT  LOSSES 

FROM  TWO  TYPICAL  (UNINSULATED)  SCHOOL  BUILDINGS* 

(IN  GALLONS  OF  HEATING  OIL) 


Annual  Heat  Loss 


Building 

Component 

New  School 

Old  School 

New  School 

Old  School 

Roof 

3 . 7  gallons 

0.6  gallons 

7,600  gals. 

1,000  gals. 

Walls 

2 . 3  gallons 

2.0  gallons 

4,700  gals. 

3,700  gals. 

Windows 

2.3  gallons 

0.9  gallons 

3,900  gals. 

1,700  gals. 

Floor 

0.8  gallons 

0. 1  gallons 

4,500  gals. 

700  gals. 

Total: 

8.7  gallons 

3.6  gallons 

20,700  gals. 

7,100  qals. 

♦Based  upon  buildings  shown  in  Figures  II-1-II-4 


TABLE  1 1 -2 


TRANSMISSION  HEAT  LOSSES 

FROM  TWO  TYPICAL  SCHOOL  BUILDINGS 

INSULATED  WITH  STORM  WINDOWS 

(IN  GALLONS  OF  HEATING  OIL) 


Annual  Heat  Loss 


Building 
Component 

New  School 

Old  School 

New  School 

Old  School 

Roof 

1. 4  gallons 

0.2  gallons 

2,700  gals. 

430  gals. 

Walls 

0.5  gallons 

0.3  gallons 

900  gals. 

600  gals. 

Windows 

1.0  gallons 

0.5  gallons 

2,100  gals. 

940  gals. 

Floors 

0.8  gallons 

0.1  gallons 

4,500  gals. 

700  gals. 

Total : 

3.7  gallons 

1. 1  gallons 

10,200  gals. 

2,670  gals. 
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annually  in  the  new  school  and  by  62%  in  the  pre-1945  school.   At 
current  oil  prices  and  consumption  efficiencies,  the  annual  energy 
savings  would  be  around  $6,000  in  the  new  building  and  $2,500  in  the 
old. 

However,  it  is  not  always  practical  or  desirable  to  insulate  a 
building  completely  or  install  storm  windows  on  all  windows.   The 
potential  energy  savings  must  be  weighed  in  relation  to  the  cost  of 
the  installation  in  a  particular  building.   A  number  of  cost/benefit 
studies  related  to  insulation  and  storm  window  installation  were 
performed  by  R.  G.  Vanderweil  Engineers,  Inc.  in  the  ECP  Demonstration. 

•  MEASURE  12:      Install  roof  insulation   to  reduce  heat 
transmission . 

Guidelines  for  Implementation: 

The  feasibility  of  installing  roof  insulation  is  deter- 
mined primarily  by  the  construction  of  the  roof.   The  cost 
of  insulating  a  roof  varies  widely  from  around  20*  per 
square  foot  in  a  pitched-roof  building  with  an  accessible 
attic  to  90*  per  square  foot  in  a  flat-roofed  building 
where  insulation  must  either  be  sprayed  on  from  below  or 
placed  on  the  surface  of  the  existing  roof.   In  the 
latter  case,  a  new  roof  must  be  installed  on  the  surface 
of  the  rigid  insulation.   If  a  building  is  slated  for 
re-roofing  from  normal  wear  and  tear,  it  is  much  more 
economical  to  insulate  the  roof  at  the  same  time. 

In  general,  ASHRAE  Standard  90-75  recommends  an  insulated 
roof  U- Value  of  0.08,  although  the  optimal  amount  of 
insulation  required  in  a  particular  building  should  be 
determined  by  a  cost/benefit  study. 

Potential  Savings : 

Studies  by  the  consulting  engineering  staff  in  the  ECP 
Demonstration  (see  Studies  13-18)  indicate  that  insulating 
roofs  to  the  ASHRAE  standard  will  save  between  0.14  and 
0.04  gallons  of  oil  per  square  foot  of  roof  per  year, 
depending  upon  the  insulating  value  of  the  existing  roof. 
At  current  oil  prices ,  savings  of  2*  to  6*  per  square  foot 
per  year  are  possible.   In  a  40,000  square  foot  school, 
this  represents  between  $800  and  $2,400  saved  annually  at 
current  oil  prices,  and  as  oil  prices  rise,  so  will  the 
annual  savings. 

Implementation  Cost: 

Conservative  estimates  by  the  consulting  engineering  staff 
place  the  current  cost  of  roof  insulation  between  20*  and 
90*  per  square  foot  of  roof.   Municipalities  may  find 
substantial  discounts,  however,  through  bulk  purchases  of 
labor  and  material  for  the  insulation  of  several  buildings 
at  one  time,  or  by  utilizing  municipal  labor  in  the 
installations. 
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•  MEASURE  13:      Install  wall  Insulation   to  reduce  heat 
transmission . 

Guidelines  for  Implementation: 

In  most  cases,  the  insulation  of  walls  requires  substan- 
tial remodeling  of  the  building  interior.   As  the 
exterior  walls  of  buildings  are  either  completely  solid 
or  have  inaccessible  cavities  within,  insulating  materials 
must  be  applied  on  the  interior  surface  of  the  walls. 

i  (Some  types  of  insulation  may  be  applied  to  the  exterior 

wall  surface  as  well.)   This  usually  involves  new  studs, 
insulation,  new  drywalling  (plastering) ,  and  repainting. 

i  In  many  structures,  wall  insulation  is  a  sound,  practical 

investment. 

Potential  Savings : 

In  the  ECP  Demonstration,  cost/benefit  studies  of  the 

l  - 

installation  of  wall  insulation  in  two  pre-1945  schools 

were  conducted  by  the  consulting  engineering  staff.   They 

determined  that  insulation  of  the  existing  brick  walls  to 

ASHRAE  standards  (U-Value  of  0.08)  would  save  0.4  gallons 

of  oil  per  square  foot  of  wall  per  year,  or  16C  per  square 

'  foot  at  current  oil  prices  (see  Studies  19  and  20) . 

] 

1  The  two  schools  have   floor  areas   of   16,000   square   feet  and 

17,000  square   feet,    with   corresponding  wall  areas 
(excluding  windows)    of  8,400   square   feet  and  11,900  square 
feet.      At  current  oil  prices,    the  annual  savings   due   to 
the  wall  insulation  would  be   $1,340   and  $1,900, 
respectively . 

Implementation  Cost: 

The  total  cost  of  insulating  these  two  buildings  was 
estimated  to  be  $1.12  per  square  foot  of  wall,  including 
the  costs  of  installing  drywalling,  drywall  finishing, 
carpentry,  and  painting.   The  breakdown  of  these  costs  is 
presented  in  the  cost/benefit  studies.   As  with  the 
preceding  measure,  the  actual  costs  may  be  reduced  through 
bulk  purchasing  and  the  use  of  municipal  labor. 

•  MEASURE  14:      Install   storm  windows   to  reduce  heat   transmission 
and  infiltration. 

Guidelines  for  Implementation: 

The  windows  of  buildings  transmit  much  more  energy  per 
square  foot  than  any  other  component  of  a  building.   For 
example,  a  square  foot  of  window  (single  pane)  transmits 
14  times  as  much  heat  per  minute  as  a  square  foot  of 
insulated  wall  (U-Value  of  0.08).   (This  is  one  reason  why 
all-glass  buildings  consume  so  much  energy.) 

In  municipal  buildings,  the  installation  of  storm  windows 
will  reduce  the  rate  of  heat  transmission  through  windows 
by  almost  one-half  (46%) .   An  additional  benefit  of  storm 
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windows  is  a  reduction  of  infiltration  of  outside  air. 
Storm  windows  reduce  the  normal  infiltration  through 
cracks  around  the  sash  by  as  much  as  one-half. 

Potential  Savings: 

The  consulting  engineering  staff  studied  storm  window 
installations  in  a  school,  a  town  hall,  and  a  fire  station 
(see  Studies  21,  22,  and  23).   These  studies  reveal  that 
the  storm  windows  would  save  0.74  gallons  to  0.86  gallons 
of  oil  per  square  foot  of  window  area  per  year.   This 
represents  an  annual  savings  of  1,360  gallons  of  oil  in 
the  school,  350  gallons  in  the  fire  station,  and  530  in 
the  town  hall. 

Implementation  Cost: 

The  cost  of  storm  windows  varies  between  $1.71  and  $3.00 
per  square  foot,  according  to  the  engineering  studies. 
These  differentials  reflect  the  fact  that  certain  windows 
may  be  fitted  with  standardized  storm  windows,  while 
others  require  more  costly  custom  fitting. 

MEASURE  15:      Reduce  heat   transmission  from  windows  by  installing 
window  insulation   or  reducing  window  area. 

Guidelines  for  Implementation: 

As  alternatives  to  storm  windows ,  heat  loss  through 
windows  can  be  reduced  either  by  installing  a  plastic 
bubble-type  insulation  on  portions  of  windows  or  by 
covering  or  replacing  windows  with  better  insulated 
materials.   These  two  alternatives  are  particularly  suit- 
able in  buildings  where  the  percentage  of  windows  in  the 
exterior  walls  is  large  enough  that  some  of  the  windows 
in  each  room  (perhaps  the  upper  half)  can  be  covered  or 
blocked  without  adversely  affecting  the  use  of  the 
interior  space.   (The  plastic  bubble  is  translucent  to 
natural  light,  while  the  second  alternative  is  completely 
opaque.)   In  the  ECP  Demonstration,  engineering  studies 
were  made  of  installing  plastic  bubble  insulation  on  the 
upper  half  of  all  windows  in  a  pre- 1945  school  (Study  24) , 
and  of  eliminating  windows  from  the  apparatus  floor  of  a 
fire  station  (Study  25) . 

Potential  Savings : 

The  plastic  bubble  insulation  reduces  heat  transmission 
through  windows  by  a  bit  more  than  half  and  will  save 
about  0.48  gallons  of  oil  per  square  foot  of  insulated 
window  per  year.   Replacing  windows  completely  with 
insulated  wall  saves  1.73  gallons  of  oil  per  square  foot 
of  replaced  window.   At  current  oil  prices,  the  bubble 
insulation  saves  19C  per  year  per  square  foot,  and  the 
elimination  of  windows  saves  70£  per  square  foot. 
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Implementation  Cost: 

Conservative  cost  estimates  in  the  ECP  Demonstration  show 
that  the  bubble- type  window  insulation  costs  about  86 C 
per  square  foot.   The  estimated  cost  of  replacing  windows 
with  an  insulated  wall  is  about  $3.50  per  square  foot. 
Again,  costs  may  be  lower  due  to  bulk  purchase  and  through 
•  ;  the  use  of  municipal  labor. 

Measures  that  Reduce  the  Consumption  of  Electricity 

Measures  that  reduce  the  consumption  of  electricity  in  buildings 
produce  a  substantial  payoff  due  to  the  relatively  high  cost  of 
electrical  energy. 

Except  in  the  case  of  electrically  heated  buildings,  most  of  the 
electricity  consumed  annually  in  municipal  buildings  is  used  by 
lighting  systems.   The  annual  costs  of  lighting  vary  between  $0.15 
and  $0.70  per  square  foot  of  building  area  per  year.   Figure  II-5 
details  the  annual  costs  of  lighting  a  22'  x  30'  classroom  using  six 
alternative  lighting  systems.   Each  of  these  systems  is  common,  and 
all  provide  more  than  adequate  lighting. 

The  wattage  of  the  lights  in  the  six  systems  varies  substantially — 
from  2.0  watts  per  square  foot  for  System  B  up  to  9.09  watts  per 
square  foot  for  System  A. 

Such  variations  in  the  amount  of  energy  consumed  to  provide  a  fixed 
lighting  requirement  can  only  be  accounted  for  by  the  following 
explanations : 

Inefficient  fixtures   are  used  to  deliver  lighting  to  the  rooms. 
Incandescent  lights  (System  A)  require  55  to  70  watts  to  deliver 
1,000  lumens  of  light.   Fluorescent  lights  (Systems  B  -  F)  consume 
only  12  -  20  watts  to  produce  the  same  amount  of  light. 

Over-illumination   from  an  excessive  number  of  lighting  fixtures 
can  double  the  power  requirements  of  a  lighting  system.   System 
E  draws  4.0  watts  per  square  foot  and  produces  more  light  than  is 
required,  while  System  B  needs  only  2.0  watts  per  square  foot. 

The  annual  costs  shown  in  Figure  II-5  assume  that  the  lighting  system 
operates  9  hours  per  day  and  170  days  per  year.   If  rooms  are  also 
used  in  the  evenings  or  during  the  summer,  the  annual  energy  costs  of 
each  system  would  be  substantially  higher.   The  high  cost  of  lighting 
can  be  reduced  significantly  by  the  following  strategies: 

.Reduce  burning  time.     When  lights  are  not  needed,  shut  them  off. 

Reduce  illumination  levels.      Wasteful  lighting  systems  can  be 
improved  by  removing  some  lamps  and  disconnecting  ballasts. 

Jnstall  a  more  efficient  system   to  supply  lighting  to  task  areas. 

•  MEASURE  16:      Reduce   the  burning  hours  of  lighting  systems. 

Guidelines  for  Implementation: 

Shutting  off  lighting  systems  in  all  areas  whenever 
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FIGURE    II-5 


FIXTURE 


CEILING 
PLAN 


•  •  • 

•  •  • 

•  •  • 

•  •  • 


TOTAL  LAMP 
WATTAGE /ROOM 


500  watts/lamp 
1  lamp /fixture 
12  fixtures/rm. 

6000  watts/rm. 


40  watts/lamp 
2  lamps/fixture 
14  fixtures/rm. 

1120  watts/rm. 


ANNUAL     ENERGY 
TOTAL       ENERGY     COST  PER 
WATTAGE     COST**     SQ.  FOOT** 


6000  watts 


1316  watts 


$460 . 00 


$100.00 


$0.70 


$0.15 


1 

I    1 
1    1 
1    I 
1    I 
1    1 
1    I 
1    1 

40  watts/lamp 
2  lamps /fixture 
21  fixtures/rm. 

1680  watts/rm. 


1974  watts 


$150.00 


$0.23 


40  watts /lamp 
2  lamps /fixture 
25  fixtures/rm. 

2000  watts/rm. 


2350  watts 


$180.00 


$0.27 


40  watts/lamp 
4  lamps /fixture 
14  fixtures/rm. 

2240  watts/rm. 


2632  watts 


$200.00 


$0.31 


75  watts/lamp 
2  lamps /fixture 
9  fixtures/rm. 

1350  watts/rm. 


1602  watts 


$120.00 


$0.18 


** 


Includes  power  consumed  by  ballasts. 

Based  upon  annual  usage  of  1460  hours;  cost  of  electricity  @  $0.05  per  KWH; 

room  area  660  square  feet. 
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possible  saves  energy  and  money.   In  little-used  areas, 
such  as  closets,  rest  rooms,  boiler  rooms,  and  basements, 
lights  should  remain  off  when  the  rooms  are  not  in  use. 
In  continuously  occupied  areas,  such  as  classrooms  or 
offices,  daylight  should  be  used  to  supplement  the 
l".  lighting  system.   Existing  switches  should  allow  lights 

adjacent  to  windows  to  be  shut  off  during  the  day.   If 
not,  modification  of  switching  should  be  considered. 

Potential  Savings: 
i 

The  use  of  daylight  to  provide  some  or  all  of  the  lighting 

in  occupied  rooms  could  reduce  by  a  quarter  to  a  third  the 

electricity  consumed  for  lighting.   This  would  save 

between  $50  and  $150  per  classroom  for  the  systems  shown 

i  in  Figure  II-5,  and  between  4C  and  23C  per  square  foot  of 

building  area  per  year  in  office  buildings. 

Implementation  Costs : 

Usually  this  measure  has  no  cost  except  for  the  effort 
required  to  remind  people  to  shut  off  lighting.   In  some 
cases,  switching  modifications  will  be  required  to  enable 
personnel  to  take  full  advantage  of  natural  light. 

•  MEASURE  17:      Reduce  illumination   levels  by  using  smaller  lamps, 
or  by  removing  lamps  and  disconnecting  ballasts . 

Guidelines  for  Implementation: 

3 

Lighting  requirements  are  based  upon  the  visual  tasks   to 
be  performed  in   a  specific   area  of  a  building.      A  more 
visually   demanding  task  such  as   reading   requires   a  higher 
level  of  illumination   than  would  be  needed  to  see 
adequately  in   a  corridor  or  stairway.      Published  standards 
(IES  Handbook,    Fifth  Edition)    for  illumination   levels   are 
expressed  in  foot-candles.      Normal  office  work  requires 
50-75    foot-candles,    classrooms   require    70.      General 
illumination   in  offices   or  schools   requires    30   foot- 
candles,    and  corridors   or  lobbies   require   15. 

Many  existing  buildings  have  been  designed  to  provide  a 
consistently  high   level  of  illumination   in  all  areas.      The 
designer's   intention  of  providing  maximum  flexibility  in 
the  use  of  rooms,   by  providing  all  areas  with  enough  light 
to  meet  the  most  difficult  visual  tasks,    is  offset  by  the 
high  costs   of  energy   required  to  operate   the   system. 

# 

In  many  areas,  lamps  may  simply  be  removed  from  fixtures 
to  reduce  light  levels  to  a  reasonable  minimum.   In 
fluorescent  installations,  additional  energy  can  be  saved 
if  the  ballasts  are  disconnected  as  well. 

An  important  point  to  remember  in  lamp  removal  is  that  the 
level  of  room  lighting  is  not  proportional  to  the  number 
of  lamps  in  the  room.   For  example,  if  half   of  the  lamps 
are  removed  from  each  fixture  in  System  E  in  Figure  II-5, 
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the  average  level  of  illumination  decreases  by  only  21%. 
In  many  cases,  modest  reductions  in  illumination  through 
de lamping  will  produce  higher  relative  energy  savings. 

Potential  Savings : 

The  energy  saved  by  delamping  is  proportional  to  the 
number  and  wattage  of  lamps  removed.   Based  upon  annual 
burning  time  of  1,530  hours  for  schools  and  2,160  hours 
for  offices,  the  annual  savings  per  lamp  removed  are 
shown  in  Table  II- 3. 

Implementation  Costs : 

Delamping  can  usually  be  accomplished  by  local  personnel, 
and  costs  are  limited  to  their  labor.   An  electrician  may 
be  required  to  disconnect  ballasts,  at  some  additional 
cost. 

•  MEASURE  18:      Install   a  more  efficient  system  to  supply  lighting 
to  task  areas. 

Guidelines  for  Implementation: 

The  overall  efficiency  of  a  building's  lighting  system 
(i.e.,  useful  light  energy  delivered  to  a  task  area  versus 
electrical  energy  consumed  by  the  lighting  system)  is 
governed  by  three  factors: 

The  amount  of  illumination  produced  by  a  lamp  per  unit 
of  electricity  consumed; 

The  percentage  of  the  total  lamp  output  that  is 
utilized  to  provide  useful  illumination  for  a  visual 
task  (coefficient  of  utilization) ;  and 

The  placement  of  lamps  in  relation  to  the  task  areas. 

While  these  factors  are  interrelated,  it  is  useful  to 
consider  measures  that  logically  correspond  to  each 
factor. 

a.  Lamp  efficiency:  Some  types  of  lamps  produce  much 
more  light  per  watt  of  electricity  than  others,  as 
shown  in  Table  I I- 4. 

In  some  buildings,  it  may  make  sense  to  replace  the 
existing  lighting  system  with  more  efficient  lamps 
and  fixtures.   In  schools  and  offices,  the  impact  of 
converting  to  fluorescent  fixtures  from  incandescent 
is  demonstrated  in  Figure  II-5.   The  annual  cost  per 
classroom  is  $460  for  System  A  (incandescent)  and  only 
$100  for  System  B  (fluorescent) . 

In  auditoriums  and  gymnasiums ,  it  may  pay  to  convert 
to  mercury  vapor  or  metal-halide  lamps. 

A  cost/benefit  study  of  converting  the  incandescent 
lighting  of  a  school  to  a  fluorescent  system  was  made 
in  the  ECP  Demonstration  by  R.  G.  Vanderweil  (see  Study 
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TABLE    1 1 -3 


Lamp  Removed 


1 — 500  watt 

incandescent  lamp 

1—40  watt 

fluorescent  lamp 

2 — 40  watt 

fluorescent  lamps 

2 — 40  watt 

fluorescent  lamps 
and  ballasts 

2 — 96"    fluorescent 
lamps  and  ballasts 


Annual  KWH  saved*  Annual  Savings** 

School         Office  School  Office 


765  kwh     1080  kwh 


61  kwh  86  kwh 


122  kwh        173  kwh 


144  kwh        203  kwh 


272   kwh        385  kwh 


$    38.25        $   54 


$      3.00        $     4.30 


$      6.12        $      8.64 


$7.19        $   10.15 


$   13.62        $   19.22 


♦Annual  burning  hours:      1,530  hours   in  schools,    2,160  hours   in  offices 
**Savings  based  upon  cost  of  electricity  of  5C/kwh 


TABLE    1 1-4 


Type  of  Lamp 


Efficacy*    (Lumens/Watt) 


Incandescent 
Tungsten  Halogen 
Fluorescent 
Mercury  Vapor 
Metal-Halide 
High-Pressure  Sodium 


14-  18 
16-  20 
50-  85 
40-  70 
60-  80 
90  -  100 


♦Includes  ballast  losses 
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26). 

b.  Coefficient  of  utilization:      The  design  and  arrange- 
ment of  the  lighting  fixtures  in  a  room  and  the  colors 
and  reflectivity  of  the  walls ,  floor,  and  ceiling 
determine  how  much  of  the  light  produced  by  the  lamps 
actually  reaches  the  task  area.   A  coefficient  of 
utilization  (CU)  of  .50  means  that  only  half  of  the 
light  supplied  by  the  lamps  is  useful  in  performing 

a  visual  task — the  remainder  is  absorbed  by  the  fix- 
ture, the  walls,  and  the  ceiling  before  it  can  be 
used.   For  fixtures  mounted  on  or  recessed  into  the 
surface  of  the  ceiling,  only  45%  to  65%  of  the  light 
output  actually  reaches  the  task  area  (based  upon  RCR 
of  2.7,  high  reflectivity  of  ceilings  and  walls).   For 
suspended  fixtures,  the  utilization  is  about  the  same 
as  long  as  the  ceiling  remains  highly  reflective.   If 
the  ceiling  is  only  50%  reflective,  only  35%  to  45%  of 
the  lamp  output  reaches  the  task  level. 

These  effects  should  be  taken  into  account  when  a 
lighting  system  is  converted. 

c.  Lamp  placement:     As  the  distance  between  the  lamp  and 
the  task  is  reduced  by  half,  the  required  lamp  output 
is  reduced  by  four  times.   In  other  words,  a  20-watt 
lamp  two  feet  away  from  a  task  provides  as  much  light 
as  an  80-watt  lamp  four  feet  away.   The  placement  of 
lamps  in  relation  to  task  areas  is  difficult  to  anti- 
cipate when  a  building  is  designed.   As  a  result,  many 
offices  and  schools  are  lit  so  that  a  uniformly  high 
level  of  light  falls  on  all  areas.   While  reductions 
can  be  made  in  the  general  lighting  level  in  existing 
systems  by  delamping,  additional  savings  can  be 
achieved  by  reducing  the  general  light  levels  and 
providing  supplemental  light  sources  closer  to  the 
task  surfaces. 

In  three  cost/benefit  studies  for  the  ECP  Demonstra- 
tion, R.  G.  Vanderweil  examined  the  feasibility  of 
substituting  small  table  lamps  for  existing  overhead 
lighting  (see  Studies  27,  28,  and  29) . 

Potential  Savings: 

a.  A  study  by  R.  G.  Vanderweil  Engineers,  Inc.  of 
replacing  incandescent  lighting  with  fluorescent  in  a 
school  building  (Study  26)  estimated  that  electrical 
consumption  would  be  reduced  by  0.71  kwh  per  square 
foot  per  year. 

b.  Studies  of  task  lighting  by  the  consulting  engineering 
staff  in  two  school  libraries  and  a  town  hall  estimate 
that  between  44%  and  64%  of  the  existing  lighting 
energy  could  be  saved  by  reducing  overhead  lighting  by 
half  and  using  small  table  lamps. 
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Implementation  Cost: 

The  costs   of  improving  the  efficiency  of  existing  lighting 
systems   are  quite  high,    and  should  be  investigated  only 
after  implementing  Measures   15  -  17,   which  have  much  higher 
returns . 


Review  and  Summary  of  Energy  Conservation  Measures  Recommended  for 
Municipal  Buildings ^ 

To  assist  the  municipalities   in   conducting  their  own  audit  programs, 
the   following  brief  discussion  organizes   the  measures   described  in 
the  preceding  section  according  to  the   type  of  municipal  buildings 
in  which  they  are  most   likely   to  apply. 

While   the   descriptions   of  measures   in  the   text  are   organized  according 
to  the  principles  of  energy   conservation,    the   following  presentation 
is  broken  down  by  no-cost  versus   capital-investment  measures. 

No-Cost  Measures   Classified  by  Building  Type 

From  the   sixty  audit  reports   submitted  by  the   consulting  engineering 
staff  in  the   demonstration   cities   and  towns,    the  no-cost  measures 
recommended  most  often  in  municipal  buildings   are  indicated  in  Figure 
II-6. 

Capital   Investment  Measures   Classified  by  Building  Type 

Also  noted  in   the  sixty  audit  reports   are   a  number  of  capital   invest- 
ment measures  worthy  of  further  analysis   due   to  their  potentially 
high  payback  in  energy  savings.      Thirty  cost/benefit   analyses  were 
conducted  to  evaluate  some  of  these  investments.      These  analyses  are 
included  in  this   appendix. 

The  measures   suggested  in  the  audit  reports   are  summarized  in  Figure 
II- 7  by  type  of  municipal  building.      Figure  II- 7  should  not  be 
construed  as   recommending  specific  measures   for  particular  building 
types,   however.      Such  recommendations  must  follow  a  thorough  evalua- 
tion of  the  particular  costs   and  savings   associated  with  implementing 
a  measure   in  a  specific  building. 

Figure   II-7  should  be   interpreted  only  as   a  guide   to  help  select 
potential  measures   for  further  study. 


EVALUATING    INVESTMENT  DECISIONS   ON   BUILDING    IMPROVEMENTS 


Investing  in   Improved  Building  Hardware 

Energy  saving  investments   in  building  improvements   should  be 
approached  on  the  basis   that  they  will  provide  a  return  above  and 
beyond  their  implementation   cost. 
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FIGURE  1 1—6 


MUNICIPAL  BUILDING  TYPES 


RECOMMENDED  NO-COST  MEASURES 


in 

I 

CD 
u 


co 

o 
o 
.c 
u 
to 


in 

o^  to 

r-i  iH 

I  o 

■P  o 

w  £ 

o  u 

(li  CO 


c 
o 

E-< 


w 

CD 
O 
•H 

4-1 
O 


cu 
u 

•H 
iH 
0 

\ 

CD 
>M 
•H 


CO 

c 

O 

■H 
4-> 
Cfl 
+J 
W 


CO 
CD 
■H 

u 

A 
-H 


W 
CD 
C7> 

id 

Q    O 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


Set  back  thermostats  to  55° 
during  unoccupied  periods. 


Shutdown  ventilation  system 
during  unoccupied  periods. 


Shutdown  cooling  system 
during  unoccupied  periods. 


Reduce  unnecessary  lighting 
by  delamping. 


$ 


• 


Reduce  domestic  hot  water 
temperature  to  110°. 


Reduce  ventilation  rates 
during  occupied  periods. 


W 


Measure  and  adjust  burner/ 
boiler  efficiency. 


Calibrate  thermostats  and 
other  controls. 


Eliminate  reheat  in  HVAC 
system  (where  applicable) 


Disconnect  ballasts  when 
delamping . 


Reduce  winter  indoor 
temperature  to  68°. 


# 


Increase  summer  indoor 
temperature  to  78°. 


# 


CP 


Turn  off  unused  lights. 


vgp 


14 


Use  outdoor  air  for  summer 
cooling. 


15 


Use  blinds/curtains  to  reduce 
solar  heat  gain  in  summer. 


16)  Use  natural  lighting  when 
available. 


0 
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FIGURE  II-7 


MUNICIPAL  BUILDING  TYPES 


CAPITAL  INVESTMENT  MEASURES 

Pre-1945 
Schools 

Post-1945 
Schools 

Town 
Offices 

Fire/Police 
Stations 

W 
Q) 
■H 
U 
(TJ 
U 

•H 

DPW 
Garages 

Install  separate  room  thermostats 

@ 

• 

• 

Heat  recovery  from  boiler  stacks 

• 

• 

Heat  recovery  (thermal  wheels) 

• 

Multiple  boiler  controls 

• 

• 

• 

• 

Reduce  over-ventilation 

• 

Automatic  door  closers 

• 

• 

Roof  insulation 

• 

• 

• 

• 

• 

• 

Wall  insulation 

• 

• 

• 

• 

Storm  windows 

• 

BS 

$P 

• 

Window  insulation/replacement 

• 

•- 

• 

• 

More  efficient  lighting  system 

• 

• 

• 

Install  task  Lighting 

• 

• 

• 
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This  discussion  assumes  that  the  local  decision  maker  does  not  have  a 
technical  background  in  financial  analysis.   It  also  assumes  that 
improvements  under  consideration  are  analyzed  by  engineers  who  can 
provide  the  manager  with  the  following  information  on  a  given  improve- 
ment: 

1.  The  initial  dollar  cost  of  the  improvement; 

2.  The  expected  annual  energy  savings  in  dollars  that  will  result 
from  implementation;  and 

3.  The  expected  useful  life  of  the  improvement. 

Given  these   facts,    a  manager  will  want  to  know  the  point  in  time  when 
the   capital  invested  in  this   improvement  can  be   recovered    (i.e.,    the 
number  of  years   to  payback) ,   what  risks  ought  to  be   considered  in  this 
investment   decision,    and  how  risks   can  be  minimized. 

To  make   this   determination,    a  manager  must   first  establish  his  oppor- 
tunityor .interest  cost, for  investing  money.      This   recognizes   the 
notion  that  a  dollar  in  hand  now  is  worth  more   than  a  dollar  expected 
one  year  from  now.      A  dollar  in  hand  can  be  invested  in  a  savings 
account  at,    say,    six  percent  interest,    so  that  in  one  year  it  would 
be  worth   $1.06.      This   future  amount  is   the   real  equivalent  of  a 
current  dollar.      In  order  to  compare   the  worth  of  an  expected  future 
stream  of  annual  savings   to   the   current  dollar  cost  of  an   investment, 
this   future   stream  is   l,dis!CCiAlnted,l    at  a  rate  of  interest  equivalent 
to  what  an   alternative   investment  of  these   current  dollars  would 
realize.      Since   these   current  dollars    can  presumably  be  invested  in  a 
savings   account  at  some  interest,    this   interest  rate  may  be   taken  as 
the  opportunity  cost  of  investing  these  dollars   in  building  improve- 
ments. 

The  first  step  in  sound  decision-making  in  investments   in  building 
improvements   is  establishing  a  "discount  rate." 

A  second  important  step  is  recognizing  that  fuel  prices  will  increase 
in  the  future,  with  the  result  that  the  expected  stream  of  annual 
savings  will  grow  in  the  future .  Assuming  constant  energy  prices  and 
setting  a  discount  rate,  a  manager  would  reject  an  investment  where 
the  payback  period  exceeded  the  useful  life  of  the  improvement.   Using 
the  same  discount  rate  but  assuming  that  fuel  prices  will  increase  in 
the  future  will  yield  a  shorter  payback  period. 

The  relationships   discussed  here  are  made   explicit  in  Table   II-5.      The 
table  plots  payback  periods   at  a  seven  percent  discount  rate   for 
various   rates   of  fuel  price  escalation,   with  the  ratio  of  initial 
investment  cost  to  annual  savings   specified  in  the   left-hand  column. 

To  illustrate   the   use  of  this   table,    assume   that  an  improvement 
costing  $1,000  will  save   $100  in  energy   costs   annually,    and  has   a 
useful   life  of  15  years.      The  initial    cost  to   annual  savings   ratio  is 
10.      At  constant  fuel  prices    (i.e.,    0%   fuel   escalation),    the  payback 
on  this   investment   is   17.8  years,    but  if   fuel  prices   increase   at  the 
rate   of   10%   annually,    this    inflated  stream  of  savings  will  yield  a 
payback  of   8.7  years. 


79 


TABLE  1 1 -5 


F3 


YEARS  TO  PAYBACK  AT  7  PERCENT  DISCOUNT  RATS 


Ratio  of 

Fuel  Pri 

ca  Escala 

tion  Rata 

Initial  Coat  to 

Annual  Savings 

0  % 

2% 

4% 

6  % 

3% 

10  % 

1 

1.07 

1.05 

1.03 

1.01 

0.99 

0.97 

2 

2.23 

2.16 

2.09 

2.03 

1.97 

1.92 

3 

3.48 

3.32 

3.18 

3.0G 

2.95 

2.84 

4 

4.86 

4.56 

4.31 

4.10 

3.91 

3.74 

5 

6.37 

5.38 

5.43 

5.15 

4.87 

4.62 

6 

8.05 

7.28 

.     6.68 

6.21 

5.G1 

5.48 

7 

9.95 

8.78 

7.93 

7.23 

6.75 

6.32 

8 

12.13 

10.40 

9.23 

8.36 

7.63 

7.14 

9 

14.70 

12.16 

10.57 

9.45 

3.60 

7.94 

10 

17.79 

"    14.03 

11.97 

10.55 

9.52 

8.72 

11 

21.72 

16.19 

13.42 

11.67 

10.43 

9.49 

12 

27.09 

18.54 

14.94 

12.80 

11.33 

10.24 

13 

35.59 

21.19 

16.53 

13.93 

12.22 

10.97 

14 

57.82 

24.22 

18.19 

15.09 

13.10 

11.70 

15 

never 

27.77 

19.93 

16.25 

13.98 

12.40 

16 

never 

32.05 

21.77 

17.43 

14.35 

13.10 

17 

never 

37.44 

23.70 

18.62 

15.71 

13.78 

18 

never 

44.72 

25.75 

19.82 

16.57 

14.44 

19 

never 

55.98 

27.93 

21.04 

17.42 

15.10 

20 

never 

82.16 

30.25 

22.27 

13.26 

15.74 
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Since  tinder  the  assumption  of  zero  escalation  in  fuel  cost  the  17.8 
year  payback  exceeds  the  15  year  estimated  useful  life  of  the  improve- 
ment, a  decision  to  reject  the  investment  would  be  correct.   But 
since  fuel  prices  are  certain  to  increase,  this  would  be  the  wrong 
decision.   If  they  increase  at  10%,  the  8.7  year  payback  indicates 
that  not  only  will  the  cost  be  fully  recovered,  but  the  investment 
will  provide  a  positive  cash  flow  for  another  6.3  years.   It  is 
important  to  assume  that  energy  prices  will  rise  at  some  rate  in  the 
future  when  analyzing  investments  in  building  improvements. 

The  third  step  in  evaluating  investments  is  establishing  the  accept- 
able payback  period  for  a  given  investment.   This  period  should  be 
somewhat  shorter  than  the  useful  life  of  the  investment  under 
consideration.   In  general,  the  shorter  the  payback  period,  the  lower 
the  risk  that  the  initial  investment  cost  will  not  be  recovered, 
either  because  fuel  prices  did  not  rise  as  rapidly  as  expected  or 
because  the  improvement  did  not  last  as  long  as  expected.   By 
establishing  a  payback  period  shorter  than  a  useful  life,  the  manager 
also  ensures  that  the  investment  will  yield  a  return  beyond  recovery 
of  the  initial  cost  of  the  investment. 

Once  the  manager  has  established  his  payback  period  criterion,  by 
deciding,  for  example,  that  the  capital  cost  of  an  investment  with  a 
useful  life  of  15  years  should  be  recovered  within  a  9-year  period, 
the  payback  tables  can  be  used  to  determine  if  the  actual  payback  on 
a  given  investment  satisfies  this  criterion.   In  the  case  used  above, 
the  9-year  payback  criterion  would  be  satisfied  by  the  investment, 
with  an  actual  payback  of  8.7  years,  assuming  a  10%  escalation  in  the 
price  of  fuel.   The  tables  on  the  following  pages  can  be  used  in  this 
manner  to  make  financially  sound  investments  in  building  improvements. 

To  use  this  method  of  analysis,  the  manager  must  have  an  engineer 
establish  initial  cost,  annual  savings,  and  expected  life.   The 
manager  must  establish  his  discount  rate  payback  period  and  estimate 
the  rate  of  fuel  price  increase.   No  one  can  make  an  accurate  point 
forecast  of  what  this  rate  will  be.  A  guess  in  the  range  of  4%  to  8% 
is  quite  reasonable,  given  past  rates  of  fuel  price  inflation. 
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TABLE  1 1-6 

YEARS  TO  PAYBACK  AT  6  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Pr 

ice  Escal 

ation  Rat 

e 

Initial  Cost  to 

First  Year  Savings 

0% 
1.06 

2% 

1.04 

4% 

1.02 

6% 

8% 

0.98 

10% 

1 

1.00 

0.96 

2 

2.19 

2.12 

2.06 

2.00 

1.95 

1.90 

3 

3.14 

3.25 

3.12 

3.00 

2.89 

2.80 

4 

4.71 

4.44 

4.20 

4.00 

3.82 

3.67 

5 

6.12 

5.67 

5.31 

5.00 

4.74 

4.51 

6 

7.66 

6.97 

6.44 

6.00 

5.64 

5.33 

7 

9.35 

8.34 

7.59 

7.00 

6.52 

6.12 

8 

11.22 

9.79 

8.77 

8.00 

7.39 

6.89 

9 

13.33 

11.32 

9.98 

9.00 

8.25 

7.64 

10 

15.73 

12.94 

11.21 

10.00 

9.09 

8.37 

11 

18.51 

14.68 

12.48 

11.00 

9.92 

9.08 

12 

21.85 

16.53 

13.77 

12.00 

10.74 

9.78 

13 

25.99 

18.53 

16.10 

13.00 

11.54 

10.45 

14 

31.45 

20.70 

16.47 

14.00 

12.33 

11.11 

15 

39.52 

23.07 

17.87 

15.00 

13.11 

11.75 

16 

55.24 

25.67 

19.30 

16.00 

13.88 

12.38 

17 

never 

28.56 

20.78 

17.00 

14.64 

12.99 

18 

never 

31.81 

22.31 

18.00 

15.39 

13.59 

19 

never 

35.53 

23.87 

19.00 

16.13 

14.18 

20 

never 

39.88 

25.49 

20.00 

16.86 

14.75 

TABLE  1 1 -7 

YEARS  TO  PAYBACK  AT  8  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Price  Escalation  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.08 

1.06 

1.04 

1.02 

1.00 

0.98 

2 

2.27 

2.19 

2.12 

2.06 

2.00 

1.95 

3 

3.57 

3.40 

3.25 

3.12 

3.00 

2.89 

4 

5.01 

4.69 

4.43 

4.20 

4.00 

3.83 

5 

6.64 

6.09 

5.66 

5.30 

5.00 

4.74 

6 

8.50 

7.62 

6.95 

6.43 

6.00 

5.64 

7 

10.67 

9.28 

8.31 

7.58 

7.00 

6.53 

8 

13.27 

11.13 

9.74 

8.75 

8.00 

7.40 

9 

16.54 

13.19 

11.26 

9.96 

9.00 

8.26 

10 

20.91 

15.52 

12.86 

11.19 

10.00 

9.10 

11 

27.55 

18.22 

14.57 

12.44 

11.00 

9.94 

12 

41.82 

21.41 

16.40 

13.73 

12.00 

10.76 

13 

never 

25.31 

18.37 

15.06 

13.00 

11.56 

14 

never 

30.35 

20,49 

16.41 

14.00 

12.36 

15 

never 

37.44 

22.79 

17.80 

15.00 

,  13.14 

16 

never 

49.57 

25.32 

19.23 

16.00 

13.92 

17 

never 

never 

28.11 

20.69 

17.00 

14.68 

18 

never 

never 

31.23 

22.20 

18.00 

15.43 

19 

never 

never 

34.77 

23.75 

19.00 

16.17 

20 

never 

never 

38.85 

25.35 

20.00 

16.90 
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TABLE  1 1-8 

YEARS  TO  PAYBACK  AT  9  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Pr 

ice  Escal 

.ation  Rat 

e 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.09 

1.07 

1.05 

1.03 

1.01 

0.99 

2 

2.30 

2.22 

2.15 

2.09 

2.03 

1.97 

3 

3.65 

3.47 

3.32 

3.18 

3.06 

2.95 

4 

5.18 

4.83 

4.55 

4.30 

4.09 

3.91 

5 

6.94 

6.33 

5.86 

5.47 

5.14 

4.87 

6 

9.01 

7.99 

7.25 

6.67 

6.20 

5.82 

7 

11.54 

9.86 

8.74 

7.91 

7.27 

6.76 

8 

14.77 

12.00 

10.34 

9.20 

8.35 

7.69 

9 

19.27 

14.48 

12.07 

10.53 

9.44 

8.61 

10 

26.72 

17.46 

13.96 

11.92 

10.54 

9.53 

11 

53.44 

21.18 

16.03 

13.36 

11.66 

10.44 

12 

never 

26.13 

18.32 

14.87 

12.78 

11.34 

13 

never 

33.55 

20.89 

16.44 

13.92 

12.23 

14 

never 

48.79 

23.81 

18.08 

15.06 

13.12 

15 

never 

never 

27.20 

19.80 

16.22 

14.00 

16 

never 

never 

31.23 

21.61 

17.40 

14.87 

17 

never 

never 

36.20 

23.51 

18.58 

15.74 

18 

never 

never 

42.71 

25.52 

19.78 

16.59 

19 

never 

never 

52.12 

27.65 

20.99 

17.45 

20 

never 

never 

69.38 

29.92 

22.22 

18.29 

TABLE  1 1 -9 

YEARS  TO  PAYBACK  AT  10  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Price  Escalation  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

'l 

1.11 

1.08 

1.06 

1.04 

1.02 

1.00 

2 

2.34 

2.26 

2.19 

2.12 

2.06 

2.00 

3 

3.74 

3.55 

3.39 

3.24 

3.12 

3.00 

4 

5.36 

4.99 

4.68 

4.42 

4.19 

4.00 

5 

7.27 

6.59 

6.07 

5.64 

5.30 

5.00 

6 

9.61 

8.42 

7.58 

6.93 

6.42 

6.00 

7 

12.63 

10.55 

9.22 

8.28 

7.57 

7.00 

8 

16.89 

13.08 

11.04 

9.70 

8.74 

8.00 

9 

24.16 

16.21 

13.06 

11.20 

9.94 

9.00 

10 

never 

20.31 

15.34 

12.79 

11.16 

10.00 

11 

never 

26.30 

17.95 

14.48 

12.41 

11.00 

12 

never 

37.52 

21.01 

16.28 

13.70 

12.00 

13 

never 

never 

24.72 

18.21 

15.01 

13.00 

14 

never 

never 

29.39 

20.29 

16.36 

14.00 

15 

never 

never 

35.75 

22.54 

17.74 

15.00 

16 

never 

never 

45.73 

24.99 

19.15 

16.00 

17 

never 

never 

70.45 

27.69 

20.60 

17.00 

18 

never 

never 

never 

30.70 

22.10 

18.00 

19 

never 

never 

never 

34.08 

23.63 

19.00 

20 

never 

never 

never 

37.94 

25.21 

20.00 
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TABLE  11-10 


YEARS  TO  PAYBACK  AT  11%  DISCOUNT  RATE 


Ratio  of 

Fuel  Price  Escala 

tion  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.12 

1.09 

1.07 

1.05 

1.03 

1.01 

2 

2.38 

2.30 

2.22 

2.15 

2.09 

2.03 

3 

3.84 

3.64 

3.46 

3.31 

3.18 

3.06 

4 

5.56 

5.15 

4.82 

4.54 

4.30 

4.09 

5 

7.65 

6.88 

6.30 

5.84 

5.46 

5.14 

6 

10.34 

8.91 

7.94 

7.22 

6.65 

6.20 

7 

14.08 

11.37 

9.78 

8.69 

7.89 

7.27 

8 

20.32 

14.47 

11.87 

10.28 

9.17 

8.34 

9 

44.13 

18.69 

14.29 

11.99 

10.50 

9.43 

10 

never 

25.31 

17.16 

13.84 

11.88 

10.53 

11 

never 

41.70 

20.70 

15.87 

13.31 

11.64 

12 

never 

never 

25.31 

18.11 

14.80 

12.76 

13 

never 

never 

31.92 

20.61 

16.35 

13.90 

14 

never 

never 

43.79 

23.43 

17.97 

15.04 

15 

never 

never 

never 

26.67 

19.67 

16.20 

16 

never 

never 

never 

30.49 

21.45 

17.37 

17 

never 

never 

never 

35.12 

23.32 

18.55 

18 

never 

never 

never 

41.02 

25.30 

19.75 

19 

never 

never 

never 

49.15 

27.38 

20.95 

20 

never 

never 

never 

62.30 

29.60 

22.17 

TABLE  11-11 

YEARS  TO  PAYBACK  AT  12  PERCENT  DISCOUNT 


Ratio  of 

Fuel  Pri 

:e  Escala 

tion  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.13 

1.10 

1.08 

1.06 

1.04 

1.02 

2 

2.42 

2.33 

2.25 

2.18 

2.12 

2.06 

3 

3.94 

3.72 

3.54 

3.38 

3.24 

3.11 

4 

5.77 

5.32 

4.96 

4.66 

4.41 

4.19 

5 

8.09 

7.20 

6.55 

6.04 

5.63 

5.29 

6 

11.23 

9.49 

8.35 

7.54 

6.91 

6.41 

7 

16.17 

12.39 

10.43 

9.16 

8.25 

7.56 

8 

28.40 

16.40 

12.89 

10.95 

9.66 

8.72 

9 

never 

22.88 

15.90 

12.93 

11.15 

9.92 

10 

never 

42.04 

19.79 

15.16 

12.72 

11.14 

11 

never 

never 

25.26 

17.70 

14.39 

12.38 

12 

never 

never 

34.61 

20.65 

16.16 

13.66 

13 

never 

never 

never 

24.18 

18.06 

14.97 

14 

never 

never 

never 

28.56 

20.10 

16.30 

15 

never 

never 

never 

34.34 

22.30 

17.67 

16 

never 

never 

never 

42.88 

24.69 

19.08 

17 

never 

never 

never 

59.52 

27.31 

20.52 

18 

never 

never 

never 

never 

30.21 

22.00 

19 

never 

never 

never 

never 

33.45 

23.52 

20 

never 

never 

never 

never 

37.12 

25.08 
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TABLE  11-12 

YEARS  TO  PAYBACK  AT  14  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Price  Escalation  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.15 

1.13 

1.10 

1.08 

1.06 

1.04 

2 

2.51 

2.41 

2.33 

2.25 

2.18 

2.11 

3 

4.16 

3.91 

3.71 

3.53 

3.37 

3.23 

4 

6.27 

5.72 

5.29 

4.94 

4.65 

4.40 

5 

9.19 

7.89 

7.14 

6.51 

6.02 

5.62 

6 

13.99 

11.00 

9.37 

8.29 

7.50 

6.89 

7 

29.86 

15.60 

12.18 

10.33 

9.11 

8.22 

8 

never 

25.47 

15.97 

12.72 

10.87 

9.62 

9 

never 

never 

21.84 

15.63 

12.82 

11.10 

10 

never 

never 

35.49 

19.31 

15.00 

12.65 

11 

never 

never 

never 

24.37 

17.47 

14.30 

12 

never 

never 

never 

32.45 

20.32 

16.05 

13 

never 

never 

never 

54.57 

23.69 

17.92 

14 

never 

never 

never 

never 

27.82 

19.92 

15 

never 

never 

never 

never 

33.14 

22.07 

16 

never 

never 

never 

never 

40.64 

24.41 

17 

never 

never 

never 

never 

53.46 

26.96 

18 

never 

never 

never 

never 

never 

29.76 

19 

never 

never 

never 

never 

never 

32.87 

20 

never 

never 

never 

never 

never 

36.38 

TABLE  11-13 

YEARS  TO  PAYBACK  AT  16  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Price 

Escalation  Rate 

Initial  Cost  to 

First  Year  Savings 

0%       2% 

4% 

6% 

8% 

10% 

1 

1.17 

1.15 

1.12 

1.10 

1.08 

1.06 

2 

2.60 

2.50 

2.40 

2.32 

2.24 

2.17 

3 

4.41 

4.13 

3.89 

3.69 

3.52 

3.36 

4 

6.88 

6.19 

5.67 

5.26 

'   4.92 

4.63 

5 

10.84 

9.01 

7.88 

7.08 

6.47 

6.00 

6 

21.69 

13.49 

10.79 

9.26 

8.23 

7.46 

7 

never 

25.18 

15.10 

11.98 

10.23 

9.06 

8 

never 

never 

23.49 

15.59 

12.57 

10.80 

9 

never 

never 

never 

20.97 

15.37 

12.71 

10 

never 

never 

never 

31.85 

20.97 

14.85 

11 

never 

never 

never 

never 

31.85 

17.25 

12 

never 

never 

never 

never 

never 

20.01 

13 

never 

never 

never 

never 

never 

23.25 

14 

never 

never 

never 

never 

never 

27.16 

15 

never 

never 

never 

never 

never 

32.10 

16 

never 

never 

never 

never 

never 

38.81 

17 

never 

never 

never 

never 

never 

49.35 

18 

never 

never 

never 

never 

never 

75.45 

19 

never 

never 

never 

never 

never 

never 

20 

never 

never 

never 

never 

never 

never 
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TABLE  11-14 

YEARS  TO  PAYBACK  AT  18  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Pri 

ce  Escala 

tion  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.20 

1.17 

1.14 

1.12 

1.10 

1.08 

2 

2.70 

2.58 

2.48 

2.39 

2.31 

2.24 

3 

4.69 

4.36 

4.10 

3.87 

3.67 

3.51 

4 

7.69 

6.78 

6.12 

5.62 

5.22 

4.90 

5 

13.91 

10.53 

8.85 

7.78 

7.02 

6.44 

6 

never 

19.44 

13.05 

10.60 

9.16 

8.17 

7 

never 

never 

22.59 

14.66 

11.80 

10.13 

8 

never 

never 

never 

22.01 

15.24 

12.42 

9 

never 

never 

never 

never 

20.23 

15.14 

10 

never 

never 

never 

never 

29.39 

18.51 

11 

never 

never 

never 

never 

never 

22.93 

12 

never 

never 

never 

never 

never 

29.36 

13 

never 

never 

never 

never 

never 

41.43 

14 

never 

never 

never 

never 

never 

never 

15 

never 

never 

never 

never 

never 

never 

16 

never 

never 

never 

never 

never 

never 

17 

never 

never 

ever 

never 

never 

never 

18 

never 

never 

never 

never 

never 

never 

19 

never 

never 

never 

never 

never 

never 

20 

never 

never 

never 

never 

never 

never 

TABLE  11-15 

YEARS  TO  PAYBACK  AT  20  PERCENT  DISCOUNT  RATE 


Ratio  of 

Fuel  Pri 

:e  Escalation  Rate 

Initial  Cost  to 

First  Year  Savings 

0% 

2% 

4% 

6% 

8% 

10% 

1 

1.22 

1.19 

1.17 

1.14 

1.12 

1.10 

2 

2.80 

2.68 

2.57 

2.47 

2.39 

2.31 

3 

5.03 

4.64 

4.33 

4.07 

3.85 

3.66 

4 

8.83 

7.53 

6.68 

6.06 

5.58 

5.19 

5 

never 

13.17 

10.25 

8.71 

7.70 

6.97 

6 

never 

never 

17.92 

12.68 

10.43 

9.06 

7 

never 

never 

never 

20.83 

14.28 

11.63 

8 

never 

never. 

never 

never 

20.85 

14.93 

9 

never 

never 

never 

never 

never 

19.59 

10 

never 

never 

never 

never 

never 

27.56 

11 

never 

never 

never 

never 

never 

never 

12 

never 

never 

never 

never 

never 

never 

13 

never 

never 

never 

never 

never 

never 

14 

never 

never 

never 

never 

never 

never 

15 

never 

never 

never 

never 

never 

never 

16 

never 

never 

never 

never 

never 

never 

17 

never 

never 

never 

never 

never 

never 

18 

never 

never 

never 

never 

.  never 

never 

19 

never 

never 

never 

never 

never 

never 

20 

never 

never 

never 

never 

never 

never 
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INDEX  FOR  COST-BENEFIT  STUDIES 


STUDY 

NUMBER TITLE PAGE 

1  Separate  Room  Thermostats 88 

2  Thermostatically  controlled  Valves   89 

3  Separate  Domestic  Hot  Water  Heater   90 

4  Stack  Heat  Recovery ,  .  .  .  .  92 

5  Stack  Heat  Recovery 93 

6  Air-to-Air  Heat  Recovery 94 

7  Lead/Lag  Boiler  Controls   95 

8  Reduction  of  Ventilation  Air 96 

9  Reduction  of  Ventilation  Air 97 

10  Reduction  of  Ventilation  Air 98 

11  Automatic  Fire  Station  Door-Closure  Device   ,  99 

12  Garage  Door  Control  of  Heating  System  100 

13  Roof  Insulation 101 

14  Sprayed-On  Roof  Insulation 102 

15  Sprayed-On  Roof  Insulation 104 

16  Roof  Insulation 106 

17  Sprayed-On  Roof  Insulation 107 

18  Roof  Insulation 108 

19  Wall  Insulation 109 

20  Wall  Insulation 110 

21  Storm  Windows Ill 

22  Storm  Windows .  112 

23  Storm  Windows 114 

24  Plastic  Bubble  Window  Insulation  116 

25  Elimination  of  Window  Areas 117 

26  Replacing  Incandescent  With  Fluorescent  Lighting  ....  118 

27  Task  Lighting 119 

28  Task  Lighting 120 

29  Task  Lighting 121 


STUDY  REFERENCES 122 
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